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To fully particularise even such pumps as are at present 
in the market, giving those desirable features which the 
makers from practice or vivid imagination believe to be 
embodied in their productions, would require a huge mass 
of catalogues and specifications, which, like most hetero- 
geneous collections, would contain its quantum of unneces- 
sary matter. 

Therefore, only such examples are here taken as will 
make the progress of pumps sufficiently clear ; novelty in 
design being also considered. 
^ Of their respective merits, an appreciation or otherwise 

is left for the Eeader; he may secure the pleasure of 
>1 self-satisfaction regarding his own opinion, or, in the event 

i^ of sufficient proof not being forthcoming, he may, without 

'^ any great exertion, have his particular penchant firmly 

^ substantiated by any particular maker, or by any maker 

except that individual one, as the case may require. 

To those anxious of making some new departure in 
pump construction, it is hoped the examples chosen will 
be of service. If such is the case, this Book will then 
have fulfilled the ulterior aim of the Author. 

F» !&• B. 

Bubton-on-Tbbnt, 
1889. 
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PUMPS : 


HISTOEICALLY, THEORETICALLY 

AND 

PEACTICALLY CONSIDEEED. 


INTEODUCTION. 

In reviewing the Author's 'Practical Handbook on 
Pump Construction/ the American paper The Mechanical 
Engineer says : — "A pump is not a very intricate machine 
in itself, and its parts are comparatively few; but its 
action, or want of it, sometimes makes it seem most 
mysterious." 

To those who have not considered the question of water 
dispensation, the remark that " pumping machinery " 
stands pre-eminent among the various branches of 
engineering, may seem to allow of discussion. A i^w 
instances will very soon give the necessary proof: — 

How could our coal be obtained were it not for the 
pumping plant? — our water supply obtained, or our 
capital sewage works and chemical works be carried on ? 

When man enters ^Nature's storehouse in search of 
wealth, he finds water ever ready to dispute his supremacy. 
It may be in a constant stream, ^varying only with the 
season; oftentimes vast quantities are stored in crevices 
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of the rocks. Some idea of the quantity of water raised 
will be given when it is known that often its weight is 
six to seven times in excess of the mineral raised. More ! 
In Durham and Newcastle-on-Tyne it is frequently thirty 
times that of the coal raised. 

Anybody who can use drawing instruments can of course 
draw a pump, but to design a perfect or practically perfect 
pump is more difficult. The Author has many times been 
told, when designing a pump, that it would be cheaper to 
make a certain corner square instead of round ; his reply 
has been, " Yes, but it will not be so good for the flow of 
the water." — " Oh I but the advantage is infinitesimal." 
— " Just so, but the difference between a good and a bad 
pump is simply these infinitesimal parts put together, 
forming a very great difference." 

Although the pump is so simple in itself, there are very 
few pumps in the market that may be said to be perfect, 
or anything like approaching perfection ; they are spoilt 
either on account of cheapness in manufacture, as regards 
pattern making, moulding, or machining, or the maker's 
peculiar fancy. 

The Author's idea is, in starting to design a pump, the 
first consideration should be perfection in the construc- 
tion, totally disregarding economy and beauty ; when the 
pump has been thus designed, look it over and try to 
cheapen the manufacture as much as possible without 
altering the construction ; when that is done, make it look 
as nice as possible without interfering with the first two 
elements. 
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HISTORY. 

The date from which we oommenoe the History of 
Pumps is the year 200 b.o. ; previous to that period there 
is no mention made of them, nor has there been discovered 
any portion that can be judged appertaining to Buch a 
machine. 

The Heathen Chinee cannot claim any priority in this 
special branch, which is peculiar, the more so when we 
consider their manner of irrigation. A pump is even now 
a rarity with them. 

Bude nations have not possessed the machine — simple 
as it is — ^but have always resorted to a more laborious 
method to obtain the water. They did sink wells, from 
which the precious flaid was drawn by means of pitchers 
attached to cords, lowered and raised simply by hand. 
As the possession of a well or a supply of water placed its 
owner in a very high standard regarding wealth, we can- 
not doubt that the method to obtain the same was quite a 
secondary consideration, and, therefore the best means 
known would certainly be employed. From this may be 
reasoned that the long continuance of draw-wells and 
all other methods here described, other than by means of 
suction, was simply because there was no superior art 
known wherewith the water could be obtained — that the 
discovery of Torricelli was originaL 

It does not appear to have been known to the Greeks or 
Bomans. 

In early Greek writings the words avrXo^y drrXciv, 
drrAxa, &c., were not used to express anything like what 
we call a pump. It either expresses the draining of water, 
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or more particularly the raising of it by means of a 
bucket or some similar vessel. 'ArrXos, the primitive, is a 
drain, sink, or receptacle for collecting scattered water, 
either for use or otherwise. 

The Egyptian wheel was a common machine over all 
Asia, and in remote comers remains in use yet. The 
Saracens carried it to Spain, where at the present time it 
works nnder the name of " Noria." 

Danish missionaries in a remote village in the kingdom 
of Siam discovered the immediate offspring of the " Noria," 
consisting of a wheel turned by an ass, and carrying round 
it, not earthenware pots, but a band of hay, which being 
drawn through the water, collected the fluid upon it, and 
delivered it up through a wooden trunk. 

The performances of Ctesibius and Hero are by Pliny 
and Vitruvius spoken of as curious novelties. Hero, an 
engineer and inventor of the Alexandrian school, that 
capital where most of the sciences were bom, mentions 
the pump by Ctesibius in his work on 'Pneumatics,' 
wherein are contained treatises upon the expansion of 
steam, the slide valve, the spindle valve, the common 
clack valve, illustrating the application of a metallic 
piston to a metallic cylinder, and nearly one hundred other 
inventions are described and illustrated, which at the 
present time would be classified under the head of 
Mechanical Engineering. The clear manner in which 
they are described leaves no doubt of the advanced know- 
ledge possessed by the ancients of that class of mechanism 
of which the steam engine has been structurally com- 
pounded. The pump stands nearly last on the list. 

The pump mentioned by Hero is illustrated in Fig. 1. 
This illustration and the following description are taken 
from Mr. Bennett Woodcroft's English translation of 
Hero's * Pneumatics ' ;~^ 
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^' The siphons nsed in conflagrations are made as follows* 
Take two vessels of bronze A B C D, E F G H, having the 
inner surface bored in a lathe to flt a piston (like the 
barrels of water-organs), K L, M N being the pistons fitted 
to the boxes. Let the cylinders communicate with each 
other by means of the tube X D F, and be provided 
with valves P, B, such as have been explained above, 
within the tube X D F, and opening outwards from the 
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cylinder. In the bases of the cylinders pierce circular 
aperture S, T, covered with polished hemispherical cups 
V Q, W Y, through which insert spindles soldered to, or 
in some way connected with, the bases of the cylinders, and 
provided with shoulders at the extremities that the cups 
may not be forced off the spindles. To the centre of the 
piston fasten the vertical rods S £, S £, and attach to 
these the beam A' A', working at its centre about the 
stationary pin D, and about the pins B, C, at the rods 
S E, S E. Let the vertical tube S' E' communicate with 
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the tnbe XODF, brancliing into two arms at 8', and 
provided with small pipes through which to force np 
water, snch as were explained above in the description of 
the machine for producing a water-jet by means of the 
compressed air. Now, if the cylinders, provided with 
these additions, be plunged into a vessel containing water, 
IJUZ, and the beam A' A' be made to work at its 
extremities A', A', which move alternately aboat the pin 
D, the pistons, as they descend, will drive ont the water 
through the tube E' S' and the revolving mouth M'. For 
when the piston M N ascends, it opens the aperture T, as 
the cup W Y rises, and shuts the valve K ; but when it 
descends, it shuts T and opens B, through which the water 
is driven and forced upwards. The action of the other 
piston E L, is the same. Now the small pipe M', which 
waves backward and forward, ejects the water to the 
required height, but not in the required direction, unless 
the whole machine be turned round; which on urgent 
occasions is a tedious and difficult process. In order, 
therefore, that the water may be ejected to the spot 
required, let the tube E' S' consist of two tubes, fitting 
closely together lengthwise, of which one must be attached 
to the tube XODF, and the other to the part from which 
the arms branch off at S' ; and thus, if the upper tube be 
turned round, by the inclination of the mouthpiece M' 
the stream of water can be forced to any spot we please. 
The upper joint of the double tube must be secured to the 
lower, to prevent its being forced from the machine by the 
violence of the water. This may be eflfected by holdfasts 
in the shape of the letter L, soldered to the upper tube, 
and sliding on a ring which encircles the lower." 

In the year 1660, Agricola writes that pumps were then 
used in the German mines, driven by horse-power and 
water-wheels. 
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Although the pump was invented 120 B.a, it was not 
nntil the beginning of the 17th century that its tme 
principles were understood, it being generally thought to 
act by means of a force called suction, though no attempt 
to discover the reason why water rose upwards under a 
piston was made until the time of the Duke of Florence, 
when the pump-maker to his Boyal Highness, in the 
year 1 641, complained that the water would not rise higher 
than 32 feet or thereabouts. Galileo was applied to for a 
solution, but does not seem to have solved the question. 
His pupil Torricelli considered that the atmospheric pres- 
sure might be the counterpoise to the 32 feet of water 
when received into vacuum ; the experiment was tried in 
1643, and the supposition was found correct. From this 
experiment emanated the discovery of the harometer. 

The earliest representation of a bellows pump met with, 
is among those curious cuts embodied in the first German 
translation of Yegetius, published in Erfurt in 1511. It 
consists of an ordinary pair of bellows, the lower side or 
board of which was fitted with a valve and suction pipe, 
and the blast pipe or nozzle was fitted with a delivery 
pipe. 

Dutchmen have played no small part in the history of 
hydraulic engineering, and to one London was indebted 
for its first water supply. From Allen's 'History of 
London,' vol. iii. page 467, we gather — "One Peter 
Morris, a Dutchman, in the year 1682, contrived a 
water engine or mill to supply the citizens with Thames 
water. This machine was first made to force the water to 
the height of Gracechurch Street only. He obtained from 
the Gity a lease for 600 years, at the yearly rent of 10«., 
for the use of the Thames water, and a place for sinking 
his mill upon." 

Stow, in his 'English Chronicles,' speaking of these 
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waterworks, says : — " Peter Morris, free denizen, conveyed 
Thames water in pipes of lead over the steeple of St. 
Magnus' Church, at the north end of London Bridge, and 
so into divers men's houses in Thames street, up to the 
north-west comer of Leaden Hall (the highest ground of 
London), where the waste of the main pipe ranne first in 
the yeare (1582) on Christmas even; and since being 
divided into foure spoutes, oft times running foure wayes, 
plentifully serving to the commodity of the inhabitants 
neare adjoining to their houses, and also cleaning the 
canals of the streets towards Bishoppesgate, Aldgate, the 
Bridge, and the Stockes market." 

While excavating for the north foundation of the pre- 
sent London Bridge, several curious things were brought 
to light. Among others were two cylinders or pump 
barrels, formerly belonging to some waterworks erected 
upon the spot ; they were of cast-iron, 4 feet long, with a 
bore of 6f inches diameter, and each was furnished with 
trunnions, similar to a cannon, for the purpose of securing 
them in their places. 

These forcing pumps appear to have been immersed in 
the water whence the supply was taken, the suction or 
feed pipes being only 4 inches in length. The feed pipe 
of one, and the delivery pipe of the other were of brass, 
very neatly united to the iron by brazing. The valves 
were not seated within the cylinders, hut in separate 
chambers. 

That these waterworks were buried in the ruins of the 
great fire of 1666 there seems very little doubt from the 
appearance of one of the oak piston-rods, of such size as to 
nearly fill the cylinder, being burned down some little 
distance within the cylinder in a conical shape, and in a 
better state of preservation than the other part. This 
piston was at the bottom of the stroke, the other being at 
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the top of the stroke, the piston-rod whereof was missing, 
having been, no doubt, burned away, both pistons remain- 
ing in their respective positions. From one of the 
cylinders was drawn out a half-burnt cock. 

Together with the cylinders was found a largo square 
shaft, which appears to have carried a cross arm (which 
was probably of timber, and consumed in the fire), from 
each end of which a piston-rod was attached. The axis 
of this shaft was very much worn on the underside, as 
though it had performed a reciprocating motion in an arc 
about 90 degrees. 

This is the first instance the author has found in which 
the valves were placed in separate chambers^ all previous 
pumps having the suction valve and pipe in a direct line 
with the piston or plunger, and the delivery valve chamber 
fixed at the top of the working barrel. 

Mr. Frank H. Pond, of St. Louis, states that :— « The 
introduction of pumping machinery for domestic water 
supply dates from May 30th, 1681, when Peter Maurice 
was granted a lease to erect an engine within the first arch 
of London Bridge for the purpose of supplying that city 
with water. These works proved so successful that he 
was granted the privilege of erecting another engine in 
the second arch of the bridge." 

" This pumping machinery consisted of an under- 
shot wheel 20 feet diameter, having 26 floats, 14 feet 
long by 18 inches broad. Each wheel gave motion, by 
means of toothed wheels and levers, to sixteen pumps, in 
such a manner that for every revolution the plungers 
made two and one-fifth strokes 2 feet 6 inches long. The 
plungers were 7 inches diameter, and when the tide flowed 
quickly the water wheels would together be thus pump- 
ing at the rate of 2^ million gallons in twenty-four hours." 

The first patent record in England of a pump is Patent 
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No. 6, year 1618, entitled «* Engines and Instruments 
for Eaising Water," by David Bamsey and Thomas Wild- 
gosse. As the beantifol law demanding two copies of 
drawing iUustrating the inventions, when necessary, was 
not then in vogue, we must surmise that either his method 
was very simple or the reverse, neither illustrations nor 
description being given in the Specification. 

The air-pump, for extracting the air from a vessel, 
whereby it is said that the air is exhausted, or a vacuum 
produced, was invented by Otto de Guericke in the year 
1654. 

About the year 1660 Bobert Boyle made so many 
improvements in the air>pump, that it became almost a 
new machine. 

Sir Samuel Morland, Master of Mechanics to King' 
Charles the Second, in the year 1674 invented and patented 
the plunger pump made of cast-iron. 

The following is a copy of the Specification, which is 
dated March 14th, 1674, Patent No. 176 :— 

" Charles the Second, &c., to all to whome these presents 
shall come greeting. 

"Whereas our trusty and well-beloved Sir Samuel 
Morland Knt. and Bart, hath with long study and greate 
expence invented and brought to perfection * Several 

* Engines for Baising great Quantities of Water with fisirre 

* lesse proportion of Strength than can be performed either 

* by any Chayne Pumpe or other Engine or Pumpe now in 
' use,' several demonstrasions whereof wee have seen to our 
greate satisfaction, and believe the same will prove of 
greate and universal use to our subiects. And the said 
Sir Samuel Morland hath assured us that hee will make 
very considerable and useful improvements and addi- 
tions thereunto ; and also humbly besought us to grant 
him our licence for the sole use and benefit of the said 
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ODgines for the terme of fourteen yeares according to the 
statute in snch cases made and provided." The remainder 
of the Specification contains nothing bnt warnings, that 
nobody else is allowed to make anything like his machine, 
and to prove that any such punishment would not be a 
pleasure to the Patentee, means were taken to prevent 
other persons making such machines ; for neither descrip- 
tion nor illustrations are given. Evidently an engineer's 
statement was accounted something in those days. 

In the year 1681, we have for the first time information 
given of an engineer being presented with a medal for 
excellency of work in pumping machinery, the honoured 
gentleman being Sir Samuel Morland ; and well he de- 
served such a mark of esteem. He raised water from the 
Thames sixty feet above the top of Windsor Castle, at the 
rate of sixty barrels per hour, by eight men, in the year 
1675, which gave so much satisfaction, that in the year 
1681 the King presented him with his medallion portrait 
set in diamonds. 

One of the most important features in plunger pumps 
and ** dry spear " pumps, as also in the steam engine, is 
the gland and stuffing-box, which is therefore worth a little 
discussion, especially as James Watt has been credited with 
its invention. 

Mr. William Pole, in his 'Treatise on the Cornish 
Pumping Engine,* published in the year 1844, says : — 
" The plunger pump was invented by Sir Samuel Mor- 
land, and patented by him in 1675. The best feature in 
Sir Samuel's invention is the stuffing-box. This last- 
named contrivance, whose universal utility is testified by 
its very general use, and without which the steam engine 
oould scarcely exist, is undoubtedly the invention of this 
distinguished and ingenious man, and alone ought to 
render his name immortal." 
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Again, Mr. G. G. Andr^e, in his valuable book • Coal 
and Metal Mining,* p. 430, states : " This kind of pump 
possesses many advantages over the preceding. The 
plunger variety, which is by far the best, was invented by 
Sir Samuel Morland, in 1675. A remarkable feature in 
this invention is the stufi&ng-box, without which the steam 
engine could hardly have come into existence." 

Mr. Edward Alfred Cowper, in his paper " James Watt,** 
read before the Institute of Mechanical Engineers, says : — 
'*Watt invented the stuffing-box in the year 1782, but 
Watt's notes on Mr. Eobinson's article on 'Steam and 
Steam Engine,' written for the * Encyclopaedia Britannica,' 
show that he was using it about 1774." 

In a letter by Mr. Joseph Bramah, of hydraulic press 
fame, 1797, to Sir J. Eyre, Chief Justice of the Common 
Pleas, he strongly urged the demolition of Watt's patent. 
Bramah's chief objections were, that Watt's engine was 
much more complete than the Specification in details, 
more particularly in : — 

1st. The cylinder top being closed ; 

2nd. Ingenious piston, and valve-rod stuffing-box in the 
cover ; 

5th. Construction of stuffing-box. 

From these contradictory evidences the author concluded 
that what Mr. Pole and Mr. Andr6e referred to was the 
substitute for a gland and stuffing-box described in the 
following manner in the * English Encyclopssdia,' published 
in the year 1802 : — "The forcing pump is sometimes 
of a very different form from that already described. In- 
stead of a piston, which applies itself to the inside of the 
barrel, and slides up and down in it, there is a long cylin- 
der nicely turned and polished on the outside, and of a 
diameter less than the inside of the barrel. This cylinder 
(called a plunger) slides through a collar of leathers on the 
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top of the working barrel, and is constructed as follows :— 
The top of the barrel terminates in a flanch, pierced with 
four holes for receiving screwbolts. There are two rings 
of metal, of the same diameter, and having holes corre- 
sponding to those in the flanch, four rings of soft leather, 
of the same size and similarly pierced with holes, are well 
soaked in a mixtnre of oil, tallow, and a little rosin. Two 
of these leather rings are laid on the pump flanch, and one 
of the metal rings above them. The plunger is then 
thrust down through them, by which it turns their inner 
edges downwards. The other two rings are then slipped 
on at the top of the plunger, and the second metal ring is 
put over them, and then the whole are slid down to the 
metal ring. By this the inner edges of the last leather 
rings are turned upwards. The three metal rings are 
now forced together by the screwed bolts ; and thus the 
leathern rings are strongly compressed between them, and 
made to grasp the plunger so closely that no pressure can 
force the water through between. The upper ring just 
allows the plunger to pass through it, but without any 
play ; so that the tumed-up edges of the leathern rings 
do not come up between the plunger and the upper metal 
ring, but are lodged in a little conical taper, which is 
given to the inner edge of the upper plate, its hole being 
wider below than above. It is on this trifling circum- 
stance that the great tightness of the collar depends. To 
prevent the leathers from shrinking by drought, there is 
usually a little cistern formed round the head of the pumps 
and kept full of wat-er. The plunger is either forced by a 
rod from a working beam, or by a set of metal weights laid 
on it." This pump is illustrated in Fig. 2. 

The author is fully convinced that Sir Samuel Morland 
was the original inventor, and that James Watt only ap- 
plied it to the steam engine. Although Mr. E. A. Cowper, 
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in his paper read before the Inetitate of Mechanical 
Engineers, stated that Watt was the inventor, he afterwards, 
in a paper on 'The Steam 
*^- ^ Engine,' read before the 

Institute of Civil Engineers, 
January 17th, 1884, States 
that : — " Sir Samnel Morland, 
in 1682, proposed to the 
French Government to raise 
water ^yy the foroc of steam, 
bat failed to get bis plan 
taken np. There is no de- 
Boription of it estant. In 
1674 he had invented & 
ttuffing-box to hia gland." 

In the year 1695 is the 
first notice the anther has 
fonnd relating to "ship 
pumps." In that year one 
was patented by Bobert 
Ledgingham; it is to be 
regretted that the Specifica- 
tion in this, as in all other 
of that period, is void of 
drawings and description of 
the invention. 

In the ' Complete Collier,' 

published in England in 

1708, it is stated : — " In some 

places -we draw water wiUi 

waterwheels or long azle- 

~ trees, but there is not that 

convenience of water everywhere." The axle-tree referred 

to worked upon a long axle, having attatihed to it a series 
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of oblong wooden backets or troughs, which filled at the 
bottom of the pit and discharged at the top, as they turned 
over the great axle-tree. The author of this work is 
reluctantly obliged to admit that he and his brethren knew 
of no means whereby the drainage of the '* good 
collieries," which lie unwrought and drowned, " could be 
accomplished," adding that those who could devise such 
methods '' might keep their coach and six, for we cannot 
do it by our engines." 

Apparently no one in the north of England or Scotland 
was capable at this time of constructing even a common 
pump. This circumstance may be gathered distinctly from 
the records of the family of Mar. In 1709, the Earl of Mar 
sent his colliery agent to Newcastle-on-Tyne, it being then, 
as now, regarded as the head school of mining, and from the 
manager's report it appears the machines in use were 
water-wheels and horse engines, with chain pumps for rais- 
ing water. The Earl called in the aid of George Sorocouldi 
an engineer from Derby, to assist and advise his plans. 
Sorocould knew what a pump was, for he recommended 
their adoption. But when he went away no man could be 
found to put his plan into execution. John Toung, the 
millwright of Montrose, was referred to ; then a gentleman 
in Holy Orders was consulted, the Mechanical Priest of 
Lancashire — not the only instance of spiritual advisers 
being able to advise upon matters temporal and mechanical 
— the result being that the chain and bucket gave place to 
pumps worked by cranks and beams receiving their motion 
from water-wheels. 

The earliest record of any pumping engine is found 
in Stewart's ' History of the Steam Engine,' published 
in 1714, where one John Potter, of Chester-le-Street, in 
Durham, constructed a pump 9 inches in diameter, made of 
elm hooped with iron. 
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In the year 1732, M. Demonr, a Frenchman, proposed to 
raise water by pntting into rapid rotation pipes spreading 
at the top like a y. This was the first attempt at making 
a centrifugal pump ; it is illustrated in Fig. 8. The next 


Fig. 3. 



step was the inverted Barker's Mill or a revolving y, and 
the best form of this species of pump was investigated by 
M. Euler. 

James Greed, in the year 1741, secured a Patent, No. 
679, for " Three different Engines or contrivances for cut- 
ting sheet Lead into any required breadths, for Making of 
Water-pipes of any Diameter and Strength, according to the 
Service required, and for the Covering of Churches, Houses, 
and all other Buildings with such Lead, or with Coppar or 
Brass, after a manner not hitherto used ; and also a New 
Pump, Engine, or Forcer, for Baising of Water with a Per- 
pendictdar Stroke, which will answer the Purpose of a 
Common Pump, or of an Engine to Baise Water to any 
Usual Heighth, or the Extinguishing of Fire," 

As the lead pipes have nothing to do with our subject, 
we will only give that part of the specification relating 
to the pumps. 
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The Body of this Pump, Engine, or Forcer, is made up 
or put together into one piece, consisting of an Air-vessel, 
with one, two, three or more barrels, each Barrel having 
a Sucker or Bucket, with a rod through a small hole in a 
rap, which screws on or is fastened by nuts and screws to 
and cover the head of the Barrell with leather for the rod 
to work through, fastened by screws or otherwise to the 
cap, that little or no water may come through the same ; 
and as the water rises in the Barrell, it is delivered into a 
pipe lett into the Barrell near the top, and soldered there- 
to, which pipe extends down the side of the Air-ves>ell to 
the bottom thereof, where the said pipe is open, and 
communicates with the air contained in the said vessell ; 
and the said pipe also extends upwards into an open cis- 
tern at the head of the said Barrell, with a stop-cock or 
screw at the head of the said pipe, which being open, the 
water as it rises in the said barrel is delivered through the 
said stopcock or screw unto such open cistern, and thence 
through a nossill, as in common pumps ; but by turning 
the said stopcock, or fixing a cap on the said screw, the 
water is forced, by means of compressing the air contained 
in the said air-vessell, into another or additional pipe lett 
in and joined to the said first-mentioned pipe, near the top 
thereof, and is conveyed through such additional pipe in 
a continual steam to any usual height or with a great 
velocity through a brass or copper elbow and pipe for 
extinguishing of fire, and with or without leather pipe, as 
used in such cases ; or any of the said last- mentioned pipes 
may be screwed or fastened on to the stopcock or screw in 
the pump cistern, or to any stopcock, screw, or pipe placed 
in any other part of the said first-mentioned pipe commu- 
nicating with the air-vessell. The above is the method of 
working this engine as a lifter, and it may be worked as 
forcer by omitting the » cap to the barrell and changing 
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the buckett for a plunger or forcer, and changing the 
place of delivering the water out of the barrell into the 
pipe, by letting such pipe into the barrell near the bottom 
thereof instead of near the top, and with the addition of a 
valve in such pipe, fixing the pin which passes through the 
lever, and on which the same works, on the farther side 
of the perpendicular rod from the handle, which, in the 
case of a lifter, is fixed on the side nearest the handle. 
The barrell, pipes, air-vessel, and pump cistern are made 
with copper, brass, or lead, or part of one and part of the 
other, fixed in a frame or case of timber, strengthened 
with iron work ; and this pump, engine, or forcer is to be 
worked by lever, pendulum or swing handle, wheel or crank, 
and by the power of men, horses, wind, water, fiie, or any 
other power. The mechanical contrivances for working 
with a perpendicular stroke is by means of a slit or eye in 
the lever or handle working on a roler, or a plain handle 
or lever working between two rolers, the roler or rolers 
for this purpose being placed in a slit or eye in the rod of 
the pump, engine, or forcer; and for guiding the rod 
perpendicular, there are two wheels working against 
upright pieces, and turning on their axes, which pass 
through the rodd, the said wheels placed either on each 
side of the said roler or rolers, on which the handle works, 
or one above the other below the same, or those wheels 
may be omitted, and it will work perpendicularly, being 
guided by cross pieces for the rodd to work through as 
regulators, with or without wheels in such cross-pieces; 
and by means of shifting the pin or centre of motion on 
which the lever or handle works, the stroke may thereby 
be lengthened or shortened, and consequently more or less 
water delivered at each stroke, in proportion to the height 
it is to be delivered at, or to the velocity at which it is to be 
thrown, and the power to be applf ed," 
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The first OBoillating pump is iu all probability the one 
patented in the year 1750, Patent number 658, by William 
Perkins. The illnstrationa and the following doBcription 
are taken from the Patent Specification, " Haohinee for 
Grinding Corn, raising and forcing water, &o. 

" What I first describe is parlionlarly nsefnl to raise 
water and other flaids. 

" Two curved bartells of Brass or other metal marked a, 
a, Fig. 4, fixed to the Eagino Tree of the same metal b, b. 


with a partition e, to prevent the oommmucation between 
the two barrels, in tiie said Engine Trees are two valves d e, 
d, in the two Barrels are two Pistons or Forcers, leathered 
so as to fit the barrels, ef and e ; /is the place for the 
centre of ithe axes from which the iron rod g oommuni- 
cates with the two Forcers ef and e, and the two handles 
o 2 
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h, h, in the two holes at the ends of the iron handles t h 
is to be fixed two wood handles for the men to work by, 
Z Z if Z is a wood cistern (to receive the water) in which the 
Engine Trees <&o. are fixed, when ye handle t is raised it 
raises the forcer e and lower the other e/, and at the same time 
the valve d opens and the other d e shnts which by raising 
one forcer and lowering the other alternately will raise 
the water into the Engine Trees and Barrels and from 


Fig. 5. 


Fig. e. 



! 


'W'fl! 


thence force it through two valves at the top of ye Engine 
Tree marked b Fig. 5, and from thence to ye place in- 
tended, when you would work it by wind, water, or horses, 
the power may be communicated to it by the common way. 
Fig. 6, is a side view of ye Engine Tree with the air- 
vessell when used for extinguishing Fire, a is that part 
of the Engine Tree where ye Barrels are fixed, b the 
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place for the two valves, one on each side of the partition 
marked c, in Fig. 4. c, d, e,/the air-vessell, g the pipe lead- 
ing to the Branch pipe with ye lower end turned upwards 
on two sides to prevent ye air from going through ye s* 
pipe with the water if any air should by accident be drawn 
into the Engine Tree for by this means if any air goes 
through the valves at h it cannot go directly into the Pipe 
but will go through ye water and enlarge ye quantity of 
air h A. Fig. 6 is a side view of ye axis and crank &o. 
which I could not show in Fig. 4. The Gudgeon a is to go 
through ye centre/ in Fig. 4. The crank h with cheeks is 
to receive ye two forcing rods m, m, in Fig. 4 w**" a pin 
through them. The iron rod c is to go through ye curved 
handle of n Fig. 4." 

The oldest waterworks in the United States of America 
are supposed to be those of Bethlehem, Pa, which were 
built in 1764, by Christopher Christiansen, a millwright, 
a native of Denmark. The water was conducted 350 feet, 
through an underground conduit into a cistern, whence 
it was pumped by a lignum vitaa pump of 6 inches bore 
through bored hemlock logs, to a height of 70 feet, into a 
wooden tank in the village square. 

John Ward, in his * History of the Borough of Stoke- 
upon-Trent,' referring to James Brindley's pump, says : 
'* But after pumping out the mines for fully forty years 
after his death, it was broken up, about the year 1812. 
The pump trees, which consisted of wooden staves firmly 
bound together with ashen hoops, were found to be lined 
with cow-hides, the working bucket being also covered 
with leather, a contrivance the like of which it is believed 
has not before been recorded. The pump was made about 
1767." 

In the year 1760, Thomas Perkins secured a Patent for 
'< Engines for raising and forcing water," His claims are : — 
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" 1«/, the cistern is about 7 feet long by 20 inches wide^ 
by 19 inches." 

^ 2ndy it is to have four wheels, to be driven by men 
or horses." 

*' Srdj the water ways are about 4 inches diameter, with a 
suction cook 4 inches bore. It has 4 cylinders or barrels, 
about 6 inches diameter, which are to be fixed on the water 
ways in a square, which work is fixed in the middle of 
the cistern. In each cylinder or barrel is a piston, which 
drives and forces, when drawn up it fills the barrels, and 
when forced down the water is forced into the air-vessel, 
which is fixed between the four barrels, which, by the help 
of the pressure of the air, throws it through the stand pipe 
to the place intended. The air-vessel is covered by a case, 
and at the upper end of one of the stand pipes is a cock 
to turn on occasion to make the water ascend out of one 
of the pipes to a much greater distance." 

Christopher Christiansen, in the year 1762, constructed 
larger waterworks for Bethlehem, Pa. An 18 feet under- 
shot water-wheel drove three single-acting pumps of iron 
4 inches bore and 18 inches stroke. 

At the Dolcoath mines in the year 1765, there were 
working two atmospheric steam pumping engines, the 
water from which, on its way to the lower level of the new 
adit, by its passage over two water-wheels with cranks on 
their axles attached to beam-worked pumps. The minerals 
from the mine were raised by horse- whims, and water was 
elevated by the same means in buckets and kibbals 
from the shallow levels, showing that the steam pumping 
apparatus had not driven the horse quite out of the field 
in 1765, nor had the pump-barrel entirely superseded 
the original tub. 

For many centuries the pump used in the tin mines in 
Cornwall were of a rude description, consisting of a pipe 
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having a square leather bag attached to a long wooden 
handle, doing duty as a bucket. As increased depth over- 
taxed the strength of this structure, cylindrical wooden 
pumps were made bound by iron hoops. The rag and chain 
pump then came into use. This was composed of an endless 
chain, moving upwards through the pump, having attached 
to it at every two or three feet a piston made by a ball 
of rags bound together, or of wood edged with cloth or 
leather, for up to this time valves had not been used in 
Cornwall. 

In Mr. Bichard Trevithick, senior's, account book, closing 
in 1775, we find that the " Dolcoath pumps were made at 
Coalbrookdale " (the once famous Shropshire ironworks, 
founded by Mr. Abraham Darby about the year 1658), 
" for the art of casting pumps was not at that time known 
in Cornwall." 

It appears rather singular that the admirable invention 
of separate valve charnhers, referred to in connection with 
the first London waterworks, should have been lost to 
sight for so many years — ^viz. from 1580 to 1792 (a space 
of upwards of two centuries), then to have been brought 
forward as a new invention. This was done by Mr. 
Charles Simpkin, who procured a Patent for the same in 
January 1702. In this Specification Mr. Simpkin states 
that, "my invention consists in exploding or removing 
the valves both from or out of the part or parts of the 
cylinder or cylinders where the vacuum is made by the 
piston, fan, or fly, or by what other name soever it may be 
called or denominated, and from under or out of the air- 
vessel, and in placing, inserting, or making use of the 
valves in the following manner, by application of certain 
receptacles or chambers, for the express intent and purpose 
of containing the valves only, thereby rendering the 
valves more free of access and preventing the necessity of 
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opening any other part of tlie enj^ine, except those 
chambers where the valves are contained. Of this 
improvement I say that all chambers or receptacles for 
containing the valves are hereby considered and esta- 
blished as my invention, be they placed howsoever or 
wheresoever in the engine, and that they may be fixed or 
used at any required distance from or annexed to the air- 
vessel, or either on all of the barrels, or tubes, or cylinders, 
in any engine constructed for the purpose of extinguishing 
fire, and that my chambers or receptacles are considered to 
contain any number of valves which may or can be intro- 
duced ; and that, by this my invention, or these improve- 
ments, access may be had separately or severally, when 
required for any purpose, by means of a screw or flanche 
screwed on to or against the chambers for the specified 
purpose in such case provided, or by any other more easy 
or ready method ; and that, agreeable to this my inven- 
tion or improvement, it appears clearly and shall be con- 
sidered to obviate the necessity of drawing the forces, fly, 
fan, or opening of the air-vessel or cylinders, as necessity 
has occasioned in all former engines not having these 
improvements." 

The following improvement in Mr. William Perkins* 
Oscillating or See-saw Pump, illustrated in Figs. 4, 5, and 
6, has been credited to Mr. Joseph Bramah, between the 
years 1783 and 1797. The illustration. Fig. 7, is a 
sectional elevation, and consists of a cylindrical body A, 
surmounted by an air-vessel B, on to which is cast a 
delivery pipe. In one piece with the body is cast a suction 
chamber D, to which the suction pipe E is bolted. The 
suction chamber top is provided with two rectangular 
suction valves F F of the clack type. The piston is of 
a rectangular shape, oscillating on the centre spindle H; 
the piston is fitted with two rectangular delivery clack 
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valves J J. A diaphragm K divides the lower part oi the 
cylinder into two separate chamhers. 


Pig. 7. 



In pursuing his researches, the author met with the 
Bucket and Plunger Pump. This pump is simply an 
ordinary bucket lift with its pump-rod one half the areai 
of the bucket. Some say that this pump was the invention 
of Mr. Smeaton, the great EngHsh Hydraulic Engineer, 
who was bom in the year 1724, and died 1792. Another 
authority attributes it to a plumber, who being asked 
advice about a hand pump very hard to work and the 
pump-rod springing, commencing his operation in the 
orthodox fashion and to avoid the springing of the rod 
made it larger in diameter. Imagine his surprise, and 
no doubt joy, when he beheld the novel sight of water 
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flowing away at both up and down stroke. The plumber, 
being an intelligent man, made the rod larger and larger, 
till he obtained equal delivery at the up and down stroke. 
I hope this is true, for then the invention is of English 
origin. Our Gallic friends have a version also, and as two 
sides are worth having, we will give no less authority than 
Arthur M. Morin, the great and justly celebrated French 
Hydraulic Engineer. He says, in his book ' Des Machines 
et Appareils destin^e a TSl^vation des Eaux,' *' The idea 
of placing in one and. the same pump barrel two pistons 
of different diameters, with only one rod, or the diameters 
equal or nearly so, with two separate rods, is already very 
ancient." 

" We find also, in the * Theatrum Machinarium ' of 
Leupold, the description of one type of this class, in which 
the diameter of the two pistons are different, usually 
calculated in the fashion that the area of the larger one is 
double that of the lesser one ; being moved by the same 
rod." The Leupold to whom M. Morin alludes was 
Jacob Leupold, who lived between 1674 and 1727 ; there- 
fore it appears that it must have beeu invented before 
Smeaton's time, as he was only three years of age at 
Leupold's death. 

Mr. Armengaud, in the seventh volume of his celebrated 
Lidustrial publication, mentions a Bucket and Plunger 
Pump constructed by M. Faivre, but unfortunately he 
does not give any date. 

One of this type of pump is illustrated in Fig. 8, 

Li the 'Dictionary of Mechanical Science,' by Alex- 
ander Jamieson, LL.D., published in the year 1827, he 
gives a description and illustration of a " Plunger Pump '* 
consisting of a wood trunk, square or round, open at both 
ends, and having a valve at the bottom. This pump is 
illustrated in section by Fig. 9. 
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" N is the surface of the water in the pit, and K the 
place of delivery. The pit must be as deep in water as 
from K to N 0. A B C D is a wooden trunk, round or 
square, open at both ends, and having a valve P at the 
bottom. The top of this trunk must be in a level with K, 
and has a small cistern EF. It also communicates 
laterally with a rising pipe G J, furnished with a valve H 
opening upwards. M is a beam of timber, so fitted to the 
trunk as to fill it without sticking, and is of at least equal 
length. It hangs by a chain from a working beam, and 
loaded on the top with weights exceeding that of the 
column of water which it displaces.*' 

Mr. Francis Trevithick, in the * Life of Bichard Trevi- 
thick,' his father, gives the following particulars : — " The 
increasing depth of the mines, and greater power of the 
steam-engines for raising water, necessitated a change in 
the rude pit- work, with pumps made of wood hooped with 
iron, having buckets with leather-cup packing and valve, 
which only raised water with the wpward motion of the 
rods. Pistons without valves, similar to those used in 
steam-engines, worked in brass or iron pump-barrels, 
forcing the water upward with the downward movement of 
the pump rods, reducing the strength and weight of the 
pump bucket rods by one-half. Their descending weight 
about balanced the ascending water, while with the valve- 
bucket pimip the rods had to be strong enough to bear 
their own weight and also that of the column of water. 

<' The practical cause of failure of the solid piston was 
its liability to jamb in the pump barrel by sand or gravel, 
or leakage of its leather valve was apt to cause serious 
accident to the costly pump-rods, and even to the steam- 
engine." 

Plunger-poles, fitted to the case, the latter having longi- 
tudinal grooves for the passage of the water, had been used 
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in France, but Trevithiok's plunger-pole worked in an 
unbured pole-case, the sides of which were not touched by 
the pole. This pump is shown in Figs. 10 and 11. The 
plunger-pole was a cast-iron pipe turned 
on the outside, and working in a cast-iron 
case, the sides of which were not touched 
by the pole. The pole case was provided 
with a stuffing-box and the necessary valves. 
Trevithick's pumping gear was quickly 
appreciated, and during the succeeding four 
or five years, many of the principal mines 
in Cornwall had their old bucket lifts 
removed to make room for the new plunger- 
pole lift. This form of pump is still largely 
used, almost as he designed it in 1797. 
Fig. 10 is a longitudinal section; Fig. 11 a 
sectional plan. A, is the plunger-rod of 
wood, fastened into the hollow cast-iron 
pole; B the pole or plunger; C the pole- 
case allowing space for the passage of water 
round the pole ; D the stuffing-box ; £ the 
bottom valve, or suction valve, allowing the 
water to ascend into the pole- case, on the 
ascent of the pole; F the top or delivery 
valve, through which the water is forced 
upward on the descent of the pole. 

"The plunger-pole, made useful in the 
Cornish mines by Trevithick, met all the 
requirements : raising the water by the 
descending pump-rods, having greater simplicity of 
structure, and freedom from breakage or liability of 
jambing. The great value of this invention or applicati'^-'^ 
is proved by its continued use in pump-work, precisel"^> }^ 
erected by Trevithick in 1797." 



Fig. 11. 
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"Among other things Murdoch proposed," says Mr. 
Enys, in a paper " On the Cornish Engine," read by him 
and published in the 'Transactions of the Institute of 
Civil Engineers/ vol. iii., " the nse of Sir Samuel Morland's 
plunger-pump in the pit- work, not as a general substitute 
but as an addition to the lifting pump, in order to suit the 
double-acting engine, by making the pump double-acting 
also. In 1796, one of these was employed at Ale and 
Cakes, a mine now forming the eastern part of fche United 
Mines." 

Murdoch, or, as some authorities have it, Murdook, appa- 
rently used in Ale and Cakes Mine, a plunger-pole to suit 
the particular requirements of Watfs double-acting engine. 
Trevithick's account, commencing in the following year 
(1797), deals with plunger-pole pit-work, not as a make- 
shift, but as a principle on which pit-work in a mine 
should be constructed. He removed the old lifting bucket 
pit- work, and replaced it by the plunger pit-work in 
several mines, in 1797. 

Mr. Francis Trevithick says: — "Probably neither Mur- 
doch nor Trevithick, knew of its having been patented one 
hundred years before, which takes from them the claim 
of first inventors, though the practically useful introduc- 
tion rests with Trevithick." 

In the year 1798, we still found them boring out the 
wood pumps in Cornwall. 

Mr. Warington Smyth, in his admirable little book, 

« Coal and Coalmining,' 3rd edition, page 181, says : — " It 

was early found desirable, in the deep mines in Cornwall, 

to substitute for the buckets a forcing arrangement in all 

J)ut the bottom lift. This was perfected by Captain Lean, 

gjjgJ801, by the introduction of the plunger-pole or ram, 

Plying through a stuffing-box into a plunger-case of 

^^^£jjj^^cast-iron, and forcing at every down-stroke, the 
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watw upwards through an Tipper clack, and the clear 
oolntnn of pipes above it," 

The following remarks will he found in the ' Treatise 
on the Comiah Engine,' by Mr, William Pole : — " When 
Captain Lean was manager of Crenver Oatfield Uinee, to 
which he waa appointed in 1801, he there first introduced 
the use of the plnnger-pump, to supersede the lifting pump, 
wherever he found it practicable ; that it was ultimately 
brought into general use, and is now become a system in 
the Cornish mines, the whole of the pumps in the shaft 
being of the plunger description, except the lower lift." 

In 1809, we find the first Patent for a "Eotative pump or 
Engine for raising and forcing Air, 
Water and other Fluids," but unfor- p,Q_ 12. 

tunately in this case, as in several 
others, no specification was enrolled. 
It waa patented by Mr, Thomas 
Herbert, of Port of Maiden. 

We now come to the double-acting 
piston pump. We have found in the 
'Dictionary of Art and Sciences,' by 
G, Gregory, DJ>., second edition fno 
date of publication), from which we 
take the following description and 
illustration. Fig. 12 ; — "It is of con- 
siderable importance, that as equable 
motion as possible is produced in the 
main pipe which diminishes those 
strains which it is otherwise liable 
to." The application of an air-vessel 
at the beginning of the pipe, answers this purpose. In 
great worka, it is usual to efiect this by alternate action 
of two pumps. It will be rendered still more uniform, if 
four pumps are employed, succeeding each other in 
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the interval of one quarter of the time of a complete 
stroke. 

"But ingenious men have attempted the same thing 
with a simple pump ; and many different constructions for 
this purpose have been proposed and executed." Fig. 12 
represents one of the best, which was patented by Mr. 
John Morton, the 13th of August, 1807« '* It consists of a 
working barrel d h, closed at both ends ; the piston c is 
solid, and the piston-rod passes through a collar of leather 
at the top of the barrel. This barrel communicates late- 
rally with two pipes h and h, the communication being 
as near to the top and bottom of the barrel as possible. At 
each of the communications are two valves opening up- 
wards. The two pipes unite in a larger rising-main at I, 
which bends a little back, to give room for the piston-rod. 
Suppose the piston down close to the entry of the lateral 
pipe k. When it is drawn up, it compresses the air above 
it, and drives it through the valve in the pipe A, whence 
it escapes through the rising-pipe, at the same time it rare- 
fies the air below it. Therefore the weight of the atmos- 
phere shuts the valve m, and causes the water in the cistern 
to rise through the valve n, and fill the lower part of the 
pump. When the piston is pushed down again, the water 
is first driven through the valve m, because n immediately 
shuts ; and then most of the air which was in this part of 
the pump at the beginning, goes up through it, some of the 
water coming back in its stead. In the mean time, the 
air which remained in the upper part of the pump after 
the ascent of the piston, is rarefied by its ascent ; because 
the valve o shuts as soon as the piston begins to descend, 
the valve p opens, the air in the suction-pipe h expands 
into the barrel, and the water rises into the pipe by the 
pressure of the atmosphere. The next rise of the piston 
must bring more water into the lower part of the barrel, 
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and must drive a little more air tbrougli the valve o, 
namely, part of that which had come out of the suction- 
pipe h; and the next descent of the piston must drive 
more water into the rising pipe Ic, and along with it, 
most, if not all, of the air which remained below the piston, 
and must rarefy still more of the air remaining above the 
piston ; and more water will came in through the pipe A, 
and get into the barrel. It is evident, that a few repeti- 
tions will at last fill the barrel on both sides of the piston 
with water. When this is accomplished, there is no diffi- 
culty in perceiving how, at every rise of the piston, the 
water of the cistern will come in by the valve n, and the 
water in the upper part of the barrel will be driven through 
the valve o ; and in every descent of the piston, the water 
of the cistern will come inta the barrel by the valve |?, 
and the water below the piston will be driven through 
valve m ; and thus there will be a continued influx into 
the barrel through the valves n and j?, and a continued 
discharge along the rising-pipe I through the valves m 
and oJ* 

The next allusion to a double-acting pump we found in 
• Gregory's Mechanics,' published 1806 : — " Temporary 
forcer, for a pump, is a contrivance to produce a constant 
stream. A very simple forcer of this kind has been devised 
by Eichard Trevithick. This pump was invented in 1797,** 
and is illustrated in Fig. 13. '' It consists in fixing a barrel 
with a solid piston or plunger P, along the side of a common 
pxunp B, in such a manner that the lower space of tho 
additional barrel may communicate with the space betweeA 
the two valves of the pump, and lastly, by connecting the 
rods so that they may work together." The effect is, that 
when the pistons are raised, the space beneath the bucket 
B and plunger P, becomes filled by the pressure of the 
atmosphere at the same time that the upper column flows 
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out. But again, when the pistons descend the valve E 
shuts, and consequently the water driven by the plunger 
P must ascend through B, and continue to produce an equal 
discharge in the upstroke. 

M. Jorge, in 1816, submitted to the French Academy of 
Science, a species of centrifugal pump of the principle of 
the ordinary fan for blowing air, but the first approach to 
the present form of centrifugal pumps was made in Mas- 
sachusetts, United States, in the year 1818, under the title 
of Massachusetts pump, and was re-invented by Andrews 
and various other persons. This pump received the water 
equally on both sides at the centre, and discharged it at 
the periphery, the case gradually enlarging as the water 
approached the delivery pipe. There were four straight 
vanes, not placed radially but parallel with the radius, and 
they were narrowed towards the tip. The vanes were not, 
however, enclosed within a revolving case, but revolved 
nearly in contact with the sides of the fixed case. 

We now come to a class of pump which for many years 
was almost exclusively used for the ships in the British 
Navy. It was invented and patented by Mr. Jonathan 
Dounton, of Black wall, London, in the year 1825. It is 
illustrated in Figs. 14 and 15. Fig. 14 is a sectional 
elevation and Fig. 15 a front view. A is the suction-pipe, 
B the suction-valve, C the working barrel, and D the 
delivery pipe. It will be seen that there are three movable 
valves or buckets in the working barrel ; of these three 
buckets, F is the lower one, G the middle one, and H the 
upper bucket, and the object of having three buckets is 
that one at the least may be always rising, and this is 
done by the following arrangement : — ^By the bucket rods 
working one within the other, with a telescope movement. 
Thus it will be seen, by reference to the illustration, that 
the bucket rods for Q and H are hollow, and that the rod 
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R of the lower bucket F, works within the rod J of the 
backet G, and this last-mentioned rod works within the 
rod I of the bucket H ; this arrangenent allows the up and 
down movements of each rod to be performed without the 
slightest impediment from or interference with the others ; 
it only remains, therefore, to connect these rods to such a 
movement as will cause one or other of them to be con- 
stantly on the rise, and a continued stream of water flowing 
from the delivery pipe must be the consequence ; such a 
movement is shown in the illustrations : — W is a fly-wheel, 
a is the top of the rod J, and is famished with a hoop or 
slot e, e, within which the friction wheel S revolves ; P is 
an arm of a three-throw crank, of which the part marked 
G forms the axis of the wheel S. Now it is evident that as 
this wheel S revolves by the turning of the crank P, it will 
alternately raise and depress the rod J, and its bucket G. 
It is only necessary to observe, in further explanation of 
the illustrations, that each rod head is furnished with one 
of these hoops or slots, and with a friction wheel within it, 
moved by and turned on a crank arm, and it is the position 
of these crank arms which determines the exact nature of 
the alternate and relative up and down movement of the 
three rods and their respective buckets. T, V, are parts 
better explained by Fig. 15 ; T is the mere collar or basking, 
or what would, in a large pump, be a stuffing-box. 

Fig. 15 is an elevation of one of these pumps ; the letters 
in the two figures refer to the same parts. T is a clamp 
or arrangement for attaching the solid rod /, L, to the 
hollow rod I, in order to connect it with the crank wheel and 
slot movement above it ; and Y is a similar contrivance 
for attaching the solid rod g, J, to the hollow rod J, for a 
similar purpose ; X is a crank for giving a winch movement, 
and by which movement the pump is to be worked. Now 
it will be observed from the position of these three cranks. 
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that in the position shown, the crank P, which governs 
the movement of the rod J, recedes, while the crank 
which governs the movement of the rod I advances, and 
the crank which governs the movement of the rod B is in 
its highest npward position ; it follows, therefore, that if 
the winch X were tnmed so as to turn the fly-wheel in the 
direction of the arrow, the rod J would be raised, while the 
rod I would be depressed and the rod B, which in this view 
has attained its greatest elevation, would begin to be 
depressed; also, if the motions which must necessarily 
follow a continuation of the revolution be traced, it will be 
found that at the moment the rods J and I arrive at that 
point where they must remain for a moment nearly inactive, 
the rod B wiU be rising and thus the continuity of the 
stream will be preserved. 

A hollow ram-pump is described in 'Dictionary of 
Mechanical Science and Art,' by Alexander Jamieson, 
pubHshed 1827. 

'' It is easy to see that the suction-pump may be varied. 
Supposing this plunger to be open both at top and bottom, 
but the bottom fitted with a valve opening upwards. 
When this is pushed to the bottom of the barrel, the air 
which it tends to compress lifts the valve, and escapes 
through the plunger. When it is drawn up, it makes the 
same raref&ction as the solid plunger, because the valve 
in the plunger shuts, and the water will come up from 
the cistern as in the former case" (referring to the 
description of the ordinary plunger pump). "K the 
plunger be now thrust down again, the suction- valve will 
shut, the valve in the plunger is forced open, and the 
plunger is filled with water. This will be lifted by it 
during its next ascent; and when it is pushed down 
again, the water which filled it must now be pushed out, 
and will flow over its sides into the cistern at the head of 


10 PirUPS: HI8T0BICALLT, THEOBBnCALLT, 

the barreL Instead of making the valve at the bottom of 
the piston, it may be made at the top ; but this dis- 
position ie much inferior, beoanse it cannot rarefy the air 
in the barrel one-half. This is evident, for the capacity 
of the barrel and plunger 
Fio, 16. together cannot be twice 

the capacity of the barrel, 
A pumpof this descrip- 
tion is illustrated in 
Figs. 16, 17, and 18. 
Fig. 16 is a sectional 
pji, ] elevation; Fig, 17, an 

enlarged view of the top 
of the plunger; and 
Fig. 18, the plan of the 
delivery valve. 

The plunger-case is 
similar to the ordinaiy 
one, and fitted at the top 
with a stnfGng-boz and 
gland ; to the top of the 
stuffing-box is secured a 

C delivery clack -piece fur- 

nished with a door for 
access to the delivery . 
valve, and to the top of 
Fra. this claok-piece ia bolted 

a cover provided with a 
staffing-box and gland 
for the pump-rod (not 
shown in the illustra- 
tions). 
The plunger consists of a hollow pipe A, withoat 
flanges, turned all over perfectly true and parallel; it is 
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furnished at top and bottom in the inside with two lugs 
B, through which pass two wrought-iron rods 0, pro- 
vided at the bottom ends with double nuts, and at top 
secured to a cross-piece D, forged on the main-pump rod 
E, and secured by double nuts. 

The delivery valve F, in this example of hollow ram or 
plunger-pump, is simply a round disc sliding on the two 
plunger-rods G, the disc being faced with leather, and a 
cross-piece G-, secured to the plunger-rods C, by cotters, is 
provided for determining the lift of the valve. 

A rather peculiar type of single-acting pump was 
patented in the year 1828 by Mr. William Spalder, of 
Nor¥dch. It is described and illustrated in the * Mechanic's 
Magazine,' volume 8, page 438, year 1828, in the follow- 
ing manner : — *' The illustration. Fig. 19, is a sectional 
elevation. A is the upper valve ; B the lower valve ; F 
the fulcrum for the pump handle; 4 is the connector 
blocked; 5 the connector and expresser. If the reader 
will keep in his mind's eye, that at equal altitudes fluids 
press in all directions alike, he will see that in Fig. 19, 
which is influenced by rarefaction, the connector is kept 
in its right position by the downward pressure of the 
fluid. The connector being of a superior gravity to water, 
descends with the expresser in that fluid. The expresser, 
when rising, acting as a mast does to a sail, guides and 
supports the connector, which presses the side of the fluid 
to the centre, as nature directs^ and raises a weight on a 
wheel turning on a fluid axis with a rolling motion. 
Again, the piston slides the fluid in a compact . form, as 
though it were a solid — a course that fluids at liberty 
never pursue. The united power of all the steam-engines 
in use, would be inadequate to violate the course of Father 
Thames in like manner, and compel him to move at the 
bottom, centre, and the surface, with equal velocity 
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More to the point : did not fluids abhor sliding against 
tnbes, would meroury rise with a oonvex, and fall with a 
conoave head in ohangeable weather? And, npou this 
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grotind, will the fountain overmatch tbat very refined 
machine, the qnicksilver ptimp?" The inventor of this 
pump has given it the name "Gravitating Expressing 
Fountain." 

In 1831 Mr. Blake introduced a centrifugal disc pump, 
with vanes on the one side of the disc only, while the 
other was smooth. The vanes gave rotatory motion to 
the entering water, which drove it to the periphery of the 
case, where it overflowed the edges of the disc to the 
smooth side, and through a pipe attached to the case on 
that side of the disc the water escapes. 

In the year 1838 an American centrifugal pump was 
erected at the New York Navy-yard ; the pump had curved 
vanes, but these, curiously enough, were discarded and 
straight vanes put in. 

Between the years 1838 and 1848, M. C. H. Combes 
advocated curved vanes, which a discussion of a paper 
read by him, and subsequent trials with models, con- 
firmed. 

A vertical double-acting piston pump is illustrated in 
< Mechanics' Magazine,' May 5th, 1838, coupled to a 
steam cylinder. As this is the oldest record of an inde- 
pendent feed pump the author has met with, he will give 
the description and illustration. Fig. 20, in full. 

" Flan for keeping the boilers of high-pressure steam- 
engines always filled with water up to the required level, 
both when the engines are working and when they are 
not at work ; together with directions how the plan may 
be applied to the boilers of condensing engines." " aa 
in the figure (Fig. 20) shows a section of one end of a 
high-pressure boiler, and the dotted line 6 6 is drawn near 
to the place at which the water in it should stand. The 
feed pump c is wrought by means of a small steam-engine, 
the cylinder, nozles, and steam-pipe of which are marked 
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by d e, and //, respectively. ^ ^ is a casing fixed npon 
this boiler, h and t are boles which allow the water always 
to stand at the same level in the casing as in the boiler, 
and these holes diminish the agitation which the water 
in the casing would have if the whole of one of its sides 
was open into the boiler. Inside of the casing a chest k 
is fixed, having a space left round its sides and top for the 
steam and water to get past it freely. The chest h has 
two openings or ports in one of its sides, with one of the 
valves marked I, working npon each in such a manner as 
that the inside of the chest has no communication with 
the casing g g, during the time the piston of the feed-pump 
IB working upwards ; but when the piston of this pump is 
working towards the cylinder d, then there is always a 
communication with the chest k and the casing. A 
pulley upon the crank-pin of the little engine works into 
a horizontal slit in a frame fixed upon the top of the 
piston-rod, and the botton^ end of the rod of the feed-pump 
is attached to the top side of the same frame ; in this way 
the crank-shaft as well as the feed-pump are set in motion. 
The eccentric «i, which works the valves 1 1, is fixed upon 
the crank. Both of the valves marked I are attached to 
the same rod, or, in order that the eccentric m may stand 
right under them, the steam cylinder d and the feed-pump 
are placed a little towards one side of the boiler, while the 
casing g g, and the chest k, stand toward the other side. 
The fly-wheel is on the second motion, and its shaft is 
driven by means of the spur-wheel n and the pinion o, so 
as to make double the number of revolutions of the crank- 
shaft. As the fly-wheel makes two revolutions for one of 
the crank-shaft, its heavy side p will always be next the 
end of the boiler, and in a line level with its own shaft, 
every time the piston is at the top or bottom end of its 
stroke; by this arrangement (if the parts work in the 
direction of the arrows, and if the fly-wheel has the 
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position on its shaft, as per the figure), the engine can 
never stand on its centres, however slow its motions, as 
the heavy side of the fly-wheel will always be in a position 
to carry it past them. The slide valves 1 2, must be fitted 
upon the chest k in such a manner that they will not be 
forced away from their faces when the pressure inside the 
chest is greater than the pressure in the boiler." 

" When the piston of the feed-pump arrives at the top 
end of its stroke, as then a pump-full of water has passed 
into the chest h, the steam in the top part of the chest 
will be compressed, and on this account it will have a 
greater pressure than the steam in the boiler ; and if the 
space in k, which lies above the surface of the water in 
the boiler, is twice as large as the contents of the pump- 
barrel, then when a full of the pump is sent in k, the 
steam in it will be of twice the density of the steam in 
the boiler. If the space in k, which lies above the dotted 
line 5 6, is double that of the contents of the barrel of the 
feed-pump, then the conical valve r must have its weight 
8 so heavy as that it will allow the valve to open as soon 
as the pressure inside of the chest k is double of the force 
of the steam in the boiler. If the steam space in the 
chest k holds twice the full amount of the pump-barrel, 
and if the valve r is loaded to the extent now mentioned, 
a pump-fall of water will pass into the boiler after each 
stroke, as soon as the valves 1 1 are opened, whenever the 
water in the boiler stands at or under the dotted line h h, 
as in this case the pressure inside of k will not have 
opened the valve r, and allowed part of the contents of 
the feed-pump to be discharged back into the hot-well of 
the large engine ; but if the water in the boiler stands 
above the line h 6, then (as by this the steam space in k 
is diminished) the pressure inside k will open the valve r 
before the pump has finished its stroke, and allow part of 


AND PRACTICALLY CONSIDERED. 47 

the water to escape through the comxatmicatioii, mnning 
betwixt the top of the pump and a part of the pipe q 
(behind its valve), leading to the hot-well. So by this 
contrivance, whenever the water in the boiler stands so 
high as that the steam space in h is not double that of the 
contents of the pnmp-barrel, then a portion of the water 
in the pump will be sent through the valve r back into 
the hot-well, and when the valves 1 1 are opened there will 
not be a barrelfal of water in h to pass into the boiler. 
The more the steam space in h is diminished by the water 
rising in the boiler, a less quantity of the water from the 
feed-pump will pass into h at each stroke, and on this 
account the boiler will always get less water from the 
feed-pump the higher the water stands in it above the 
line h h. If the water in the boiler stood as high as the 
chest k, then no water could pass into it from the pump. 
When the water in the boiler is low, and on this account 
the steam space in k is made as great or greater than 
double the contents of the feed-pump, then a pump-full of 
water will pass from the chest k into the boiler every time 
the valves 1 1 open. In this way, if the boiler is too full, 
it gets less feed than its average quantity at each stroke 
of the pump ; and if there is not enough of water in it, it 
is supplied with more than the average quantity ; and for 
this reason the water in it will keep always at the same 
level." 

" It is to be understood that the feed-pump is double- 
acting, and in its downstroke the water is discharged 
through the pipe t, into a chest placed alongside of the 
chest k, and of the same dimensions. This chest is also 
to have valves working in it, like those marked I. The 
small circle at the bottom of the feed-pump shows the 
pipe which leads the water into it ; the pipe at the bottom 
of the pump for this purpose should have been drawn 
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running in the same direction as this one, if it had not 
been wanted to show the loaded valve r, &c. I have not 
shown the loaded valve at the bottom of the pump, as it 
and the other part are of the same construction as shown 
for the top end, 

'' It is not important that the space which is above the 
line hh in the chest A;, is double of the contents of the 
feed-pump ; only if this space is made in any other pro- 
portion to the contents of the pump, the weight 8 must 
be made to correspond to it. I may here remark that the 
additional pressure given to the steam in the chest A;, by 
the water pumped into it, helps the water to pass from 
the chest into the boiler as soon as the valves 1 1 open. 

" By having the cylinder d and the nozle e, as well as 
the feed-pump, pretty large, the small engine will not 
require more steam to work it than if these parts were 
made small, as in this case it will work slow when it is 
forcing the water through the loaded valve r, if this valve 
is fitted so that it can only open a small distance. From 
the manner in which the fly-wheel is applied to the 
engine, it cannot stop, although its motion is not a quick 
one. 

" When two boilers are to be supplied with water by 
means of a small engine with one feed-pump, then the 
chest k, and the other parts in connection with it, must be 
fixed upon one boiler, and the other chest of the same sort 
as k, and which is in connection with the bottom end of 
the feed-pump, must be fixed to the end of the other boiler. 
If four boilers are to be supplied with water by means of 
a small steam-engine and one feed-pump, then a chest, as 
ky and its appendages, must be fixed upon each boiler, two 
of them in connection with the top end of the pump, and 
the other two in connection with the bottom end. If two 
or more chests, like &, are connected to the same end 
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of a pump, tlien the pipe passes from the pump to one 
of them, and a pipe, as the one at r, connects the others of 
the set. On the principle now explained, any number of 
boilers may be supplied with water by means of the same 
feeding apparatus. Only one loaded valve to the top of 
the pump, and another to the bottom are required, what- 
ever may be the number of boilers to be fed. 

'* The pump, for an apparatus as now described, may be 
wrought by the large steam-engine in the ordinary way, 
if the loaded valve is very large, and if it is made to open 
sufficiently, in the case the pump be single-acting, and 
only one chest like Jb will be required. If the feed-pump 
is wrought as now described, the boiler will get no water 
when the large engine is standing. When the feed-pump 
IB wrought by the large engine, then a ratchet shoxQd 
be connected to the lever of the loaded valve, so as to 
work a screw in order to shorten the stroke of the pump a 
little every time the valve opens ; and a similar motion 
should be taken from the engine to lengthen the stroke of 
the pump at any time the valve r did not open. 

*'If an apparatus, as already described, is to be put 
upon the boilers for a low-pressure steam-engine, then the 
small engine which works the feed-pump must have an 
air-pump and condenser to it. The only difficxQty attend- 
ing this arrangement is the following : — When the boiler 
is very full of water, and the escape at the loaded valve r 
is small, then the small engine will work slow, and on 
account of this too much water will run into the con- 
denser. This inconvenience can be got over by causing 
the injection cock to shut as soon as the engine is longer 
than a certain time in making a revolution. A cam or 
tooth fixed upon the crank-shaft of the little engine, so as 
to lift the piston of a common cataract at each revolution, 
will answer the desired end ; for if the piston-rod of the 
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cataract is connected to the handle of the injection cock 
by a proper arrangement, then if the engine is longer 
than a certain time in making its revolution, the cataract 
will shut the injection cock, and it will remain shut till 
the cam fixed upon the crank shaft acts upon the cataract 
and opens it. In this way the exact quantity of water 
required to condense the steam can be let into the con- 
denser at each stroke. 

" The arrangement of the parts, as per the Figure, is 
for a steamboat boiler. In a boiler with a building round 
its end, the chest g g^ and the other parts of the feeding 
apparatus, must be placed at a distance from it ; and pipes 
run from the chest and join the boiler at the holes Jh and ». 
In order to avoid complexity, the framing which supports 
the fly-wheel shaft, as well as some of the other parts, are 
not put into the Figure. The short dotted line running 
above the line & 6 is intended to show the height at which 
the water stands in the chest h after a full of the pump is 
put into it. 

** As in ordinary cases the common feed-pump will not 
be .wanted, if the feeding apparatus as now described is 
used, the addition to the cost of a new engine will be 
trifling, and it is a very great advantage to have boilers 
(especially high-pressure ones) regularly supplied with 
water. 

" I am, Sir, yours truly, 

" James Whitelaw. 

" London, April 12th, 1888. 

" p.S. — ^The steam space in the chest k msi,y be made of 
the same capacity as the barrel of the feed-pump, if the 
pipe, or communication, which carries the water back to 
the hot-well of the large engine runs, not from the end of 
the pump, but from the top of the steam-space to the same 
place in the pipe g as shown in the Figure. In this plan 
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the steam is not compressed into the chest h, but it is 
sent inte the hot-well of the large engine at each stroke, 
and the waste water passes along with it. The loaded 
valve mnst be made to open with a force not much greater 
than that of the steam in the boiler, in this case ; or a 
valve, made to open and shut by means of an eccentric, 
will answer instead ' of the valve r. The remarks made 
in this paragraph apply when there is only one chest to 
each end of the pump ; when there is a number of chests 
in connection with each end of the pump, the same 
remarks apply if their united capacity is equal to that of 
the feed-pump." 

Mr. G. Whitelow, a Scotchman, again tried the idea of 
reversing the Barker^s Mill for pumping, in 1841 ; they 
gave 77 per cent, duty, but, being not so cheap and con- 
venient for most purposes, were discarded. 

A patent was granted, January 11th, 1842, to Mr. J. T. 
Jefi&ee, for a pump fitted with a slide valve. This is 
described and illustrated in * Mechanics' Magazine,' volume 
37, page 146. 

'' To the side of the barrel of the pump, he affixes a 
plaiuHSurfaoed piece of wood or iron, of an oblong form, as 
represented by Fig. 21 in the accompanying engravings. 
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having six rectangular apertures, a, &, e, <f, e, /, com- 
municating with different passages made through the 
body of the said piece, and represented in the sectional 
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views, Figs. 22 and 23. The apertures a and / com- 
municate with passages which lead into the barrel of the 
pump, one on each side of the piston, as shown in the 
horizontal section, Fig. 22 ; the openings h and d lead 
npwards to the discharge-pipes, as shown in the vertical 
section, Fig. 23 ; while the apertures c and e lead down- 
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Fig. 25. 
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ward to the well or other source of supply, as represented 
in the sectional view. Fig. 24 (the discharge and supply 
pipes being omitted in the engravings, as unnecessary to 
a clear comprehension of the invention). To the plain- 
surfaced piece. Fig. 21, is adapted another plain-surface 
piece, Fig. 26 (the two pieces being ground true, to fit 
each other exactly), and having six rectangular apertures, 
a\ Vy c", <P, e", and /*, leading to passages in the said piece, 
Fig. 25, which communicate with each other in the 
manner shown in the horizontal section. Fig. 27. To the 

outside of this piece. Pig. 27, 
is attached a rod, which rod 
is parallel to the piston-rod, 
and moves to and fro simxQ- 
taneously with it, and by the 
same power, whatever that 
may be. The better to 
preserve the parallelism of the piece 25, it may be made 
to sUde within flanges raised on the face of the piece, 


Fig, 27. 
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Fig. 21 ; but when the pump is short, this is not thought 
tp be necessary. 

" The action of the pump is as follows : — Suppose the 
piston is at the bottom or farther end of the barrel, the 
two pieces, Figs. 21 and 25, will then be face to face, or 
in full contact, and the apertures and solid parts of the 
two faces will be in such relative positions to one another, 
that one of each of the three pairs of apertures, the pair 
leading to the barrel (a and /), the pair leading to the 
discharge-pipe {h and d), and the pair leading to the well 
or other source of supply (c and e), will be open, and the 
other shut. The piston being now raised or drawn out, 
the vacuum produced causes the water to flow up from 
the well or other source of supply, through the aperture 
e in the face of the piece, Fig. 21, into the aperture e* in 
the face of the piece, Fig. 25, whence it passes through 
the aperture /, Fig. 21, into the barrel of the pump ; by 
the return stroke of the piston, the water which was raised 
by the preceding stroke is expelled from the pump-barrel, 
through the apertures /and dy into the upward discharge- 
pipe connected with the opening d ; while, at the same 
time, the vacuum produced behind the piston causes the 
water to flow up from the well or other source of supply, 
and pass through the apertures h and a into the barrel, 
ready to be discharged at the next up or outward 
stroke of the piston. At every subsequent stroke of the 
piston there wiU, of course, be always one body of water 
supplied to the pump-barrel, and one discharged from it, 
a;nd that alternately at opposite ends of the piston ; and 
if the discharge-pipes connected with the openings b and 
d, are made to empty themselves into one common 
mouth-piece, the water will be discharged in one con- 
tinuous stream. 

" A pump of this sort is obviously liable to no other 
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derangement than what may oooauonally arise from some 
of the apertures being obetmcted ; but in that case the 
evil can be at <moe got at by simply taking off the npper 
piece, Fig. 25, and '^hen the obBtraotion is removed, the 
,pamp becomes as good as ever. 


"Another plan of oonstmction, more nearly resembling 
the slide-valve used in steam- engines, and which might, 
in fact, be advantageonsly snbstitnted for it in many 
instances, as it wonld do away entirely with the ordinary 
jacket and stuffing-box, is shown in Figs. 26 and 28. 
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'* Fig. 28 shows the pump as it should be if fitted with 
a slide-valve of the ordinary construction ; and Fig. 26, 
shows the sort of valve which the patentee proposes to 
substitute for it. In a pump of the construction Fig. 28, 
the water rising in the pipe A flows by a ctlrved passage 
carried round the barrel of the pump to the opening B, 
whence it passes upwards, through a channel a, left open 
by the slide, into the barrel ; whilst, at the same time, the 
water supposed to be left in the lower part of the barrel 
by the preceding stroke is forced up the passage 6, and 
into the casing of the slide, whence it is discharged 
through the orifice 0. The improved slide-valve, repre- 
sented in Fig. 26, is aU in one piece, and of an oblong form, 
with a plain face, but curved a little if necessary, so as to 
fit exactly to the barrel of the pump. In the centre of the 
face there is a recess, c, of sufficient width to cover the two 
passages a and B, and behind it there is a curved channel 
d, cut out in the body of the slide, lengthwise, and termi- 
nating at top and bottom in apertures in the face of the 
slide, which, as the slide is moved up and down (by 
parallel connectors with the piston-rod, in the usual 
manner) communicate alternately with the passages a 
and 6, allowing the water to flow through c a, up into the 
pump barrel, and through b d into the dischar^-pipe e." 

Great have been the modifications of the hollow ram- 
pump, but the most peculiar we have met with is perhaps 
the one patented by Mr. Thomas Heaton in the year 1844. 
This pump is a combination of the hollow ram-pump and 
the bucket and plunger pump, with a very deep bucket. 

Mr. Heaton claims as features of novelty: first, the 
application of a hollow ram or plunger, which may be of 
an equal area with the working barrel. This applica- 
tion of a hollow ram or plunger to pumps for raising 
and forcing water and other fluids, is for the purpose of 


' 
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displacing a considerable quantity of the fluid above the 
bucket, as the bucket descends ; and by the removing of 
the weight of fluid above the elongated bucket, greatly 
economising the strain upon the working machinery of 
the primary moving power. 

His second improvement being that of using two suction- 
valves, and two valves in the 
Fig. 29. elongated bucket, so that if 

one valve is disabled, the 
other may be working. 

Mr. Bessemer, in the year 
1845, introduced centrifugal 
pumps of various forms, one 
of which is illustrated in 
Figs. 29 and 30 ; it resembled 
.the Blake pump, introduced 
in the year 1831. This fan 
is distinguished by numerous 
radial blades enclosed 
between discs converging 
towards the outer periphery, 
and by a suction orifice, with 
arrangement for taking, upon 
an adjustable pivot, the 
unbalanced weight of the 
column of water, tending to 
press the fan against the 
suction-pipe. 

In 1846, Andrews patented 
a centrifagal pump, which 
Fig. 80. had a revolving disc on each 

side of the vanes, as in 
Lloyd's fan, and which had four curved vanes, illustrated 
in Figs. 31 and 32. Mr. Andrews's pump was in regular 
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use in New York at the time Mr. John Gwynne bouglit 
the patent, and shortly afterwards introdnoed it into 
England. 


Fig. 81. 



Fig. 32. 


Mr. Lloyd took out his fan patent in 1848, and in the 
same year Mr. J. G. Appold began the manufactnre of 
almost the same kind of fan, to be applied to the raising 
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of water. This pnmp was never patented. At the 
Britisli Association meeting, held at Birmingham in the 
year 1849, Mr. Appold exhibited a model of a oentrifhgal 
pnmp. The real sncoess of the centrifugal pnmp can be 
said to have commenced in this year. By an exhaustive 
set of experiments, principally directed as to the form for 
the fans or impellers, as they are now generally termed. 

Fig. 83. 



Mr. Appold gradnally improved the discharging capacity, 
and was enabled to exhibit a pnmp at the Exhibition in 
London of 1851, which formed one of the chief features of 
interest, the public being astonished at the immense 
volume of water put in motion by a machine which 
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appeared both from its size and simplicity of form to be 
quite inadequate to the results attained. 

At that time there were but few who believed in 
centrifugal pumps, and there can be no doubt that Mr. 
Appold was among the first to demonstrate their practi- 
cability in England. 

Fig. 34. 



Figs. 83 and 84 illustrate Appold's centrifugal pump, 
as shown at the Exhibition in London, 1851. 

The revolving fan A, was 12 inches in diameter and 
3 inches wide, having an opening one-half the total 
diameter in the centre of each side for the admission of 
the water, and a central division plate, extending to the 
circumference, to give a direction to the two streams of 
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water, and oonyenient for fixing on the shaft; the six 
amiB are carved backwards, terminating nearly tangential 
to the oircnmferenoe. The revolving Ian was fixed on the 
end of the driving-Bhoft 0, whioh passes through a 
stuffing-box in the side of the casing; and it works 
between two dronlat cheeks E E, running close withont 
actually touching, whereby the onter revolving surfaces 
are shielded from the water, but a free ingress is allowed 
for the water to enter, and a large space F F is left all 
round the circumference of the fan, to facilitate the escape 
of the dlschai^ed water. 

Severd experiments were made by the Exhibition Jniy. 

In the experiments with straight arms, the revolving 
fan was removed, and others were fixed in ite place, 
exactly similar in other tespeoba, hut having straight 




arms inclined at 46 degrees, as shown in Fig. SB, or 
radial as in Fig, 36, instead of the curved arms shown in 
Fig. 87. 

The result of these experiments were : — 

Straight radial arms, 20 per cent, straight inclined 
arms, 45 per cent. ; and the average for arms or blades 
curved backwards, 68 per cent. 

The superior action of oblique arms to radial arms 
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miglit be illustrated by supposing a vertical arm A B, Fig. 
38, to move in a straight line to C D, instead of moving 
round in a circle in the pump ; and the body A, represent- 
ing a particle of water, would then be simply moved along 
to C, with the arm, without having any tendency to be 
propelled outwards along the arm to B. But if an oblique 
arm A E, was employed, moving in the same direction as 
before to the position C B, it propelled the particle A out- 
wards towards B, having an inclined plane action to push 
the particles of water outwards from the centre towards the 
circumference. When this was applied to a circular 
motion, and the direction A C bent into a circle, the in- 


Fig. 37. 
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clined arm A E became curved in a spiral direction, like 
the arms in the pump. 

One of the most peculiar pumps that has come under 
our notice during our researches is one patented by Mr. 
Robert XJrwin in the year 1849 ; the peculiar feature 
being that it has only one suction valve and one suction 
passage to the pump-barrel, although the pump is of the 
double-acting piston type. This ,pump is illustrated in 
Figs. 39 and 40. Fig. 39 is a sectional elevation ; and 
Fig. 40 a section on A B. The arrows show the direction 
of the flow of the water through the valves and passages. 
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is the pump barrel, having a delivery passage D at 
each end, and a suction passage E in the middle of the 
barrel. F is the pump piston, O the suction branch, H 
the suction valve, J the delivery pipe, E and L the 

FiQ. 39. 



delivery valves. As the pump is represented, the piston 
F is in the middle of its stroke, and the piston moving 
downwards delivering the water through the side passage 
D, and through the delivery valve K; but the suction 
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passage E is not yet opened by the piston, which in the 
present position covers it. The piston must be of snch 
depth in proportion to the length of the barrel, that, at 
the termination of the stroke, either way, the piston shall 
pass clear over the suction passage E. As soon as the 
piston opens the suction passage E, the water will rush in 
above the piston, while the piston by its continued descent 
will expel the water in the lower part of the barrel into 
the delivery pipe. On the up-stroke the reverse action 
will of course take place. 

Up to the year 1850, the usual practice was to make 
the pump of the piston type, for horizontal pumping 
appliances ; but in that year Mr. Henry Worthington, of 
New York, brought out his internally-packed horizontal 
double-acting ram or plunger-pump. This pump is shown 
in Figs. 41 and 42. B, is the pump plunger. It is double- 
acting and works through a metallic-packing, C ; D D 
are the suction valves, and E E the delivery valves, con- 
sisting each of a disc of indiarubber, rising on a brass 
spindle with a guard at the top, and falling upon a circu- 
lar plate perforated with holes. In the plunger are bored 
a few holes H H, which have the efifect of opening a com- 
munication between the two ends of the pump barrel at 
each end of the stroke, thus giving the water, as it were, 
a partial elasticity, allowing it to continue its forward 
motion by flowing through the plunger during the 
moment that the plunger becomes stationary. This enables 
the plunger to commence its return stroke without any 
shock or concussion. is an air-vessel on the delivery 
branch, and P is a suction air or vacuum-vessel. A is a 
double-seated valve, by means of which the water ean be 
delivered either through the pipe F or G. 

Mr. John Gwynne applied for a patent of a centrifugal 
pump in the year 1850, but owing to a mistake made by 
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the patent agent, a new application became necessary, and 
the patent, therefore, bears date 1851. In the patent he 
eepecially distinguiehed the admiBsion of water to each 
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sidd of the pamp, bat although he had acquired Andrewe's 
interest, he did not re-patent all that had been done before 
Mm. The admisBiou of water on both eidee of the centri- 
fugal pump, as practised in the Massachusetts pump of 
1881, and in hiter iuventious, was not Andrews's nor was 



it Gwynne's, but all were free to use it, and Mr. Lloyd 
and Mr. Appold had already done sa Andrews's pump 
reTolved upon a vertical spindle and discharged its water 
horizontally outward, so that, for moderate lifts, it did not 
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need the inlet upon both sides, which double inlet is always 
seen in the present class of centrifagal pump revolving 
on a horizontal spindle. 

We now come to a slight modification of the bucket and 
plunger pump, which is called piston and plunger pump ; 
the difference will easily be seen by referring to Figs. 43 
and 44. It resembles the bucket and plunger pump, but 
instead of the delivery valve being fitted into the bucket, 
it is placed in the delivery valve-box A. B is the piston ; 
C is the plunger and piston-rod ; D is the suction-valve 
and box; E the retaining or back pressure valve-box; 
F the suction inlet ; G the delivery outlet. Sir William 
Armstrong says, in a paper read by him in the year 1868, 
that " this type of pump was suggested to me, about the 
year 1851, by Mr. Henry Thompson, my late intelligent 
foreman." As the Author cannot find anything to the 
contrary, the honour ought to be given to Mr. Thompson, 
for the invention of this pump, although many have 
claimed to be the inventors after that date. 

In 1854, Mr. J. E. A. Gwynne took out a patent of an 
improved form of Gwynne pump. This pump is illus- 
trated in Figs. 45 and 46, and consists of a revolving 
wheel or disc, formed of two concave plates, placed 
parallel, with their concave surfaces towards each other. 
Between these discs is an arm dt impeller, radiating from 
a boss or hollow axis mounted on a shaft, which works 
horizontally, vertically, or at any intermediate angle. 
This impeller, which regulates the distance between the 
discs, varies in breadth ; its narrowest part is at the outer 
edge of the disc, becoming gradually broader until its 
edges intersect the inner surface of the opening for the 
suction. Its breadth is varied in such ratio that the area 
of any section cut from the wheel by the surface of the 
circular cylinders, whose axes coincide with that of the 
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shaft, sliall be equal to such other sections at any distance 
from the centre ; and these areas are so arranged in order 


Fig. 45. 


Fig. 46. 




that the column of water or other fluid entering the wheel 
when in a state of revolution, may have an uninterrupted 
flow from the centre to the circumference, and that the 
quantity received and discharged may be constantly 
equal. The inner .surfaces of the disc, or the annular 
opening around the whole circumference, has an area 
equal to the openings at which the water is admitted 
into the centre of the revolving wheel. In one of the 
cylinder covers or ends there is a bearing supporting the 
spindle on which the wheel is flxed, in the other cylinder 
cover there is a gland and stuffing-box, through which 
the shaft for the revolving wheel passes. 

The " Castraise " pump, patented in England by Jean 
Andre Cecile Nestor Delpech, July 1854, is illustrated in 
Fig. 47. 

These are sucking and forcing double-acting piston- 

F 2 
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pumps, witli a single pump^hamber. The piston is fitted 
with cup-leathers; the pump-chamber, which is either 
vertical or horizontal, is enclosed in a tank divided by a 
diaphr^m perpendicnlar to the axia of the piston. The 
valves, four in number, are hollow indiarubber balls, 
weighted in the centre with small shot. They are 
arranged in pairs in two lateral boxes, a section of which 
ia shown in Fig. 45 ; the lower valve is the suction, and 
the upper the delivery valve. Each half of the water- 
box enclosing the pump^hamber ia in constant communi- 
cation with the interval between the two valves of a box. 

Fio. 47. 


In the illustration, the lower part of the tank correBponds 
with the valves represented. While the piston is sacking 
through one box, it is foroing through the other, which is 
the case with all double-acting pumps. The peculiarity 
of the "Gaetraise" pump is the use of the water-tank 
spoken of above, the effect of which ia to render the 
volume of water contained in the pump mnoh larger than 
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the TolTune of the pump-barrel ; the ooneeqnenoe of this 
is that a portion of the water acted on by enctioa traverses 
the valve-chamber only, without passing through the 
pnmp-chamber, the piston being, so to speak, always ia 
oontaot with the same water. This arrangement enables 

Fta. 48. Fia. 50. 



the pump to work in muddy water, by placing the piston 
beyond the reach of injury from the passage of gravel, 
grit, &o. 

Mr. Louis Guillaume Perreaux, in the year 1856, 
patented a very useful single-acting bucket-pump, the 
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description of which the Author has taken from " Spon's 
Dictionary of Engineering," page 1945. " The essential 
character of Perreanx's pump consists in the use of india- 
rubber valves " (illustrated in Fig. 48), " cylindrical at the 
base and flat at the top, which gives them the form of the 
mouth-piece of a clarionet. Like this latter, they termi- 
nate in two lips,' which, under the influence of the pressure 
resulting from the rising and falling of the piston, open 
and close through the elasticity of the material. One 
advantage of this elasticity is that the solid matter 
brought in with the water may pass through without 
causing injury. The retaining valve is placed at the 
bottom of the cylinder, whilst the other, suitably ex- 
tended in a cylindrical form at its base, forms a piston." 
(Illustrated in Fig. 49.) "The indiarubber is stiffened 
with ribs of the same material. The pump-cbamber is of 
copper " (illustrated in Fig. 60), " and may be enclosed 
in wood. The upper part, which is closed, serves as an 
air-reservoir, if the pump is simply a suction-pump ; if it 
is to be forcing as well, a small copper cylinder placed at 
the side, and also provided with an indiarubber valve, 
forms the air-reservoir. The various parts are easily 
taken to pieces. These very simple constructions may be 
made of any form ; they are of great service for agri- 
cultural purposes, and whenever it is required to raise 
water loaded with sand." 

The late Mr. Charles Eandolf, of Glasgow, read a 
paper before the Institute of Mechanical Engineers, 1856, 
in which he gave a description of an air-compressing 
pump, made by Messrs. Eandolf and Elder, now John 
Elder and Co., for Govan Colliery. The pumps were 
vertical, 21 inches in diameter by 18 inches stroke. The 
pumps were single-acting of the bucket type. The valves 
were brass balls, of which there were three sets to each 
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pump, each set consisting of 44 balls, 2 inches diameter, 
arranged in three concentric rings (21 in the outside 
circle, 15 in the middle circle, and 8 in the inside circle), 
the balls were confined by separate cages to a lift of J inch. 
In consequence of the high pressure of the air, amounting 
to 30 lbs. per square inch, provisions were made for 
preventing leakage through the valves, by a stratum of 
water constantly covering the piston's valves and the 
delivery and inlet valves. A small pump, 3 inches 
diameter and 10 inches stroke, was employed to supply 
water for this purpose, and delivered it into a centre 
reservoir. 

Figs. 51 and 52 are illustrations of a double-acting 
piston-pump of a peculiar construction, invented and 
patented by Mr. Stephen Holman, in the year 1857. 
Fig. 51 is a sectional elevation ; Fig. 52 a sectional plan 
of a vertical arrangement of this pump : — This invention 
relates, firstly, to a novel arrangement of pump. The 
pump consists of a barrel or inner cylinder C, placed 
within a cylindrical casing D, (which may be used as an 
air-vessel), leaving a space all round between the inner 
and outer cylinder to permit the discharge of the fluid at 
or beyond each end of the barrel alternately. The piston 

E, in its reciprocating motion to and fro in the barrel, 
operates upon the suction and delivery valves so as to 
cause the water or other fluid to flow into and out of the 
pump, whichever way it is moved; it will thus be a 
double-acting pump. The delivery valves J J are made 
to encircle the outside of the cylinder or working-barrel, 
or seatings at the top and bottom ; the upper suction valve 

F, or compound valves (as the case may be), to encircle 
the rod and to be operated upon from the bottom side of 
the piston. The pump cover A is constructed with a 
chamber or space formed all round the stufling-box, so 
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that at the descent of the piston the fluid will be admitted 
to the barrel above the piston through the upper suction 
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valve or valves, and at the same time forced out from the 
barrel by the lower side of the piston through the lower 
delivery-valve ; and at the ascent of the piston the fluid 
will be admitted to the barrel below the piston through 
the lower suction-valve, and at the same time be forced 
out from the barrel by the top side of the piston through 
the upper delivery-valve. The bottom of the pump B, 
has also a hollow space or chamber for the water or other 
fluid to pass freely to the lower suction-valve. The fluid 
may be conducted to the top and bottom of the pump by 
separate suction pipes, or by a suction pipe common to 
both, and may be disehai'ged from the pump through one 
or more outlets, in the outer cylinder or case. For many 
purposes no other support will be necessary for the work- 
ing-barrel than that of holding it between the pump cover 
A and bottom B ; the cover and bottom being secured by 
bolts, or any other convenient mode of fastening to the 
case or outer cylindeir, are at the same operation made to 
press on each end of the working-barrel, which may have 
flexible rings between to ensure soundness of joint, thus 
leaving the outside of the working-barrel entirely free. 

A patent was granted to Daniel Evans and Greorge 
Jones, in 1858, for "Improvements in Pumps." The 
improvements are illustrated in Mgs. 53 and 54, in which 
the ordinary clack-valves are used, and Figs. 55 and 56, 
where the slide-valve is substituted for the clack-valves. 
A is the pump-barrel; BB pump pistons; C internal 
piston-rod ; D hollow or external piston-rod ; E, suction- 
pipe; F, delivery-pipe; G, air-vessel; H, suction-valve; 
J, delivery-valve 5 K, slide-valve. It will be seen from 
the illustrations that the pump-barrel A has three ports 
or openings, one L near each end, and one M in the middle 
of its length; within this barrel or cylinder two solid 
pistons B B are used, which are flxed to the end of their 
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-x^jpeotive piston-rods, one of which piston-rods D is hollow 
to admit of another piston-rod sliding or working 
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through ; these piston-rods are worked hy cranks or other 
snitable meana, bo that the pistons alternately come 
towards and recede from each other ; when they are ooming 
towards each other, the fluid between them is driven oat 


Fig. 55. 


Fie. 56. 



at the middle port M ; when they are receding from each 
other the finid is driven throngh the two end ports L L, 
the middle port M and the end portA L L acting as indno- 
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tion and eduction ways. On the exterior of the cylinder 
or barrel is a valve-box within which a slide-valve K is 
used, capable of opening a way between the end ports L L 
and the main eduction port N of the pump, when the 
middle port is acting as an induction port, and also 
capable of opening a port between the main outlet port of 
the pump and the middle port, when the two end ports 
L L are acting as induction ports. The fluid is received 
into the valve-box, from whence it passes into the barrel 
or cylinder, and is thence forced into the main outlet 
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Fig. 57. 



port of the pump, as above explained. When construct- 
ing a pump with two barrels or cylinders, with pistons as 
above described, it is preferred to use only one valve-box 
and one slide-valve for the two cylinders, though each 
cylinder may have its valve and valve-box if desired. 

Mr. Thomas Dunn, of Manchester, secured a patent in 
1859 for a peculiar double-acting ram pump, one of which 
he exhibited in the London Exhibition, 1862. This 
pump has outwardly packed stuffing-boxes. The peculiar 
feature in the construction is that, instead of the 
ram or plunger moving backwards and forwards in the 
barrels at every stroke, the pump barrels are made to 
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slide backwards and forwards on the rams or plunger, 
the latter being stationary. This pump is illustrated in 
Fig. 67, which is half elevation and half sectional eleva- 
tion. A, B, are the two valve-boxes firmly secured to the 
bed-plate by means of bolts and nuts ; . C, D, are the two 
plungers cast in one with the valve-boxes, and turned true 
and parallel ; on these plungers or rams the working-barrel 
E is moved backwards and forwards by means of the 
crosshead pin F and a connecting-rod. H is the suction- 
valve, J the delivery-valve, and K the suction-pipe; 
the delivery pipe, not shown in the illustration, can be 
arranged at any convenient place above the delivery- 
valve J. 

About the year 1860, Professor James Thompson 
secured a patent for a centrifugal pump, which he termed 
the " Whirlpool " pump, illustrated in Figs. 58 and 59. 

The following is the inventor's own description : — " In 
centrifugal pumps doing actual work in raising water or 
forcing it against a pressure, the water necessarily has a 
considerable tangential velocity on leaving the circum- 
ference of the wheel. This velocity in wheels, where the 
vanes or blades are straight and radial, is the same as that 
of the circumference of the wheel ; in others, in which the 
vanes are curved backwards, it is somewhat less ; but in 
all cases it is so great that the water on leaving the wheel 
carries away, in its energy of motion, a large and impor- 
tant part of the work applied to the wheel by the steam- 
engine or other prime mover. This energy of motion in 
centrifugal wheels, as ordinarily constructed, is mainly 
consumed in friction and eddies in the discharge-pipe, 
which receives the water or air directly from the circum- 
ference of the wheel. In the improved centrifugal pump 
there is provided around the circumference of impeller, an 
exterior chamber, in which the water continues some time 
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revolving, in consequence of the rotating motion it has on 
leaving the wheel. This chamber is called the exterior 
' whirlpool ' chamber, and is ordinarily about double the 
size of the impeller in diameter. The water revolving in 
this chamber is in the same condition as water revolving 
in the whirlpool, which I called the * whirlpool * of equal 
energies^ or free mobility. In this whirlpool (when some 
slight modifying causes, such as the fluid friction, is 
neglected) the velocity of the water is inversely propor- 
tional to its distance from the centre, and the sum of the 
accumulated work or energy of motion and the work in 
the condition of water pressure of two equal masses of 
water in the same horizontal plane, is the same, so that 
when the velocity diminishes, the pressure increases, the 
energy of motion given up in the diminution of velocity 
being converted into water pressure. It is by this con- 
vertion of energy in motion into water pressure, through 
the medium of the exterior 'whirlpool,* that a decided 
increase in working efficiency of the centrifagal pump is 
attained ; the work contained in the rapid motion of the 
water leaving the wheel — which in centrifugal pumps, as 
ordinarily constructed, is wasted — ^being in the improved 
pump usefully employed in increasing the pumping power 
of the machine." 

The impeller is constructed with a middle plate, having 
a boss in the centre for fixing upon the shaft, and two 
outer discs or covers, with circular orifljces for admitting 
the water. Between the middle plate and the covers are 
fixed curved vanes, extending from the central orifice to 
the outer circumference of the wheel. 

There is also an outlet chamber arranged to receive the 
water from all parts of the circumference of the " Whirl- 
pool "; this outlet chamber is separated from the whirlpool 
bv conical discs, which prevent any slowly-moving or 
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eddying weter from breaking into and disturbing the 
whirlpool. 

The vanes and covers of the impeller are made of rolled 
brass for the smaller sizes, and of sheet iron for the larger 
sizes, the centre or boss plate being of wrought iron in 
both cases. The advantages of the thin vanes for avoid- 
ing obstruction to the entering water, and of a large 
number of vanes for preserving the proper direction of the 
water and preventing it becoming broken and agitated in 
its passage through the impeller, are obvious. 

A V-shaped pump was patented by Mr. J. L. Norton, 
about the year 1860. A paper was read on this pump, 
before the Institute of Mechanical Engineers, January 
28th, 1864, by Mr. John J. Bircket, of Liverpool, from 
which the author has taken the following description and 
illustrations (Figs. 60 and 61). Fig. 60 is a sectional 
elevation and Fig. 61 a cross section. 

" The lower half. A, of the barrel acts as a stationary 
bed, being fixed water-tight to the foundation-plate B ; 
the working portions are planed true through their entire 
length, and the angle of the V is 90 degrees, as seen in 
the transverse section Fig. 61. The upper or sliding half, 
0, of the barrel is also planed true throughout its length 
inside, as well as upon its return flanges, which make a 
water-tight joint with the lower half A. The barrel is 
made complete by the two end covers D D, in each of 
which is an aperture closed by a leather flap-valve E ; 
these covers are bolted on the sliding barrel C, and are 
fitted true by planed faces upon the V bed A, with which 
they make a water-tight joint. A handle F, is fixed to 
the sliding barrel 0, for convenience of lifting it out of 
its seat. The stationary bucket G, is fixed to the bed A, 
and makes a water-tight joint both with the bed A and 
with the sliding barrel ; it communicates by means of 
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the central opening with the suction chamber H, and opens 
at both ends into the pump-barrel, each opening being 
provided with a leather flap-valve I. The bucket is thus 
made to answer as the suction, valve-box, whereby the 
pump is rendered double-acting by means of only a 
single valve-box. 

** When the sliding barrel C is set in motion, the water 
is drawn into it at one end through one of the suction 
valves I ; while at the same time the water contained in 
the other end of the barrel is discharged through the 
delivery valve E, at that end. The delivery valves E, 
are prevented from opening too far by the catches J, and 
a similar provision is made by the two suction valves I, 
which are connected together by a chain. The pump 
works in a cistern K, upon the foundation-plate B, into 
which it delivers the water raised ; and a continuous dis- 
charge takes place through the overflow spout L, which 
is placed as such a height as to keep all joints of the pump 
constantly immersed in the water, thus making them air- 
tight. When it is desired to use the pump as a force-pump, 
it is only necessary to close the top of the cistern, and 
provide a rising main from the cistern to the height at 
which the water is to be delivered." 

A centrifugal pump with horizontal spindle, and vanes 
on one side of the impeller only, was introduced by Mr. 
Andrews about this time (1860), and is illustrated in 
Figs. 62, 63, and 64. 

Fig. 62 is a sectional elevation ; Fig. 63 the rotating disc 
or impeller, and propelling wings ; and Fig. 64 the sta- 
tionary boss and spiral flanges. A is the base of the 
pump, cast in one piece with the case C, and strengthened 
by brackets. To the chamber C is attached, by flanges 
6, 6', the conducting case, composed of two parts 2>, 2>', 
united by flanges d, d\ and forming a spiral discharge 
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passage g and E, commencing at C, and gradually enlarg- 
ing to the outlet e, F is the stuffing-box, through which 
passes the cast-steel driving shaft G, having a series of 
grooves turned in its surface at J, which are accurately 
fitted in a Babbitt's metal box in the standard H, its cap 
h counteracting all tendency to end thrust or vibration. 
I is the bedplate with standard H cast upon it, and 
brackets, to which the pump is secured by the flanges 
d d\ and base A, When required to be run vertically no 
bed plate is used, but the pump is secured by the base A. 
The base A also forms a flange, to which is bolted the 
bend Q, with which the suction-pipe B is attached (shown 
broken off in the illustration) ; this pipe has a foot-valve 
at its lower end, K is the disc, secured upon shaft C, 
having wings, 1, 2, 3, 4, 5, and 6 upon its periphery, closely 
fitting the space between which they revolve without 
touching. Their discharge ends extend beyond K, close 
to the case D', without touching it, and terminate on a 
line parallel to the shaft G. L is the boss connected by 
flanges llllj to the chamber C, forming spiral inductive 
passages. In the end of shaft G is a steel button n, with 
a convex face, which revolves in contact with the convex 
end of the step N, secured in the boss L, supporting the 
shaft and and disc ; when run vertically, motion is com- 
municated to the disc by a belt upon the pulley P. 

The pump and pipes first being filled with water, rapid 
motion is given to the impeller K, when the centrifugal 
force imparted to the water between the wings causes it 
to flow through the passages g and E, to the outlet e ; a 
vacuum being thereby created between the wings, which 
causes the water to rise through the pipe B, to keep up 
the supply. 

By means of the spiral passages around the boss L, the 
water from the suction-pipe is turned gradually from a 
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direct forward course, and delivered to the propelling 
wings in the line of their action ; thence through the spiral 
passages g and E it is again, by an easy gradual curve, 
brought back to a straight course upon reaching e. The 
wings on the impeller K, passing beyond its outer edge, 
create and maintain a vacuum between it and the case D, 
and prevent sand, dirt, &o.y from coming into contact with 
the shaft. 

The diaphragm pump, illustrated in Fig. 65, was 
invented and patented by Mr. J. L. Norton in the year 
1861. On the upper end of a pipe leading to the source of 
supply is a chamber of convenient form, and the opening 
of the supply pipe into the chamber is fitted with a ball 
valve. The top of the chamber is closed with a flexible 
disc, usually of leather, with a hole through it at the 
centre. In this hole a metal ring is fixed, to which also a 
ball valve is fitted, opening out of the chamber already 
mentioned. To the metal ring in the disc a rod is 
attached, by which the centre of the Hisc may be moved 
up and down, deflecting the disc alternately in either 
direction, when the chamber is increased and a partial 
vacuum formed in it ; this is at once supplied by liquid 
entering the chamber by the supply pipe. When the 
disc is deflected downwards the capacity of the chamber 
is diminished, and, as the valve prevents the liquid 
returning into the supply pipe, it is forced to pass 
through the passage in the disc, raising the valve; it 
thus enters another chamber which is connected with a 
pipe for conducting the liquid to the locality where it is 
required. The apparatus may be made double-acting, by 
dispensing with the passages through the disc, and 
adapting supply and exit pipes with suitable valves to 
each chamber. 

Fig. 65 is an elevation, and half-section of this pump. 
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A is the upper, and B the lower shell or box, haying each 
a flange 0, between which flanges the enter diameter of 


Fig. 65. 



the diaphragm D is held. The diaphragm is made of 
leather or other suitably flexible material, made or blocked 
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out by moulds to a suitable shape, and bas a hole in the 
centre, to which is fixed a valye seat and guards E E, 
above and below, to support the diaphragm. The lower 
guard is formed in one piece with the valve seat; the 
upper guard screws on to the piece in which the valve 
seat is formed, and the diaphragm is nipped between the 
two guards ; to the upper guard is fixed a bridge-piece F, 
by which the diaphragm is connected with the rod G and 
pump-handle H. The valves are made of iron covered 

Fig. 66. 



with indiarubber ; the upper valve is marked I, and the 
lower K. The bridge-piece F forms a guard to keep the 
upper valve I in its place, and allow it to rise and fall, 
and the guards L, one of which only is shown, keeps the 
lower valve in its place ; M is the delivery spout. 

The next patent we will refer to was secured by Mr. 
E. A. Godwin, in August 1861. This pump is illustrated 
in Fig. 66, which is a vertical section constructed according 
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to the ioventicm. A is ite working-barrel or pomp 

oylinder, wiaah is fixed in a horizontal position in a 
BaitaMe frame; B is the 
piston; the piston-rod, 
which works through a 
stnfGng-boz D at One end of 
the barrel or pmup cylinder. 
The openings through which 
the water paseee into and 
from pnmp-bairel are made 
at the lower side of and at 
the ends of barrel, as shown ; 
E E are the outlet or deliveiy 
Talves, which are hung, by 
preference, at their tipper 

l> Hides, and rest, when shut, 

on inclined seats fonned at 

^ the ontlets or openings P F, 

of the barrel, and snch valves 
E E open outwards ; Q G are 
two branch suction-pipes, 
which are connected to the 
descending suction-pipe H 
which has a retaining Ttdve I, 
as shown; J J are the two 
inlet valves in the branch 
suction-pipe G; these valves 
are hung, by preference, at 
their upper part, and they 
shut down on inclined seats, 
parallel, or nearly bo, with 

the seats of the outlet valves E E. 

In 1862 we find another continuons Sow pump, invented 

by Mr. Oowan, consisting of two working-barrels, one for 
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Bnotion and one for delivery. This pump is lUoBtrated in 
Fig. 67, being a sectional plan. A is the snctiou barrel, 
B the delivery barrel ; each of the two barrels are fitted 
with two backets, of which and D are the suction 


buckets, and E and F the dclivety buckets. G is the 
sootion branch and H the delivery branch ; J is the pomp 
rod ibr the auction buckets, and E the rod for the delivery 
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. buckets. The buckets are all, in this case, fitted with 
indiarubber disc yalves. 

The " California " pump, invented by Mr. T. Hansbrow 
and introdnced into England in 1862, is a very neat and 
convenient arrangement for small double-acting piston 
pumps for low lifts. It is illustrated in Figs. 68 and 69, 
and consists of a working-barrel A, piston B, piston-rod 
C ; D D are the suction-valves, E E the delivery valves ; 
F is the suction-pipe ; G the delivery-pipe ; H the air- 
vesseL It will be seen that the suction valves are arranged 
above the pump-barrel, so that the pump is always charged 
with water. The suction valves D D are cut out of one 
piece of leather, which also forms the joint between the 
pump body J and the delivery valve seat K ; and the 
delivery valves EE are again cut out of one piece of 
leather, also forming the joint between the delivery valve 
seat K and the air-vessel H. The pump body J, delivery 
seat K, and the air-vessel H, are all joined by four hinged 
bolts, making the access to the valves very easy. 

" There are but few large foundation works carried out 
in the course of which it does not become necessary to 
employ a greater or less amount of pumping power," says 
Engineering^ of March 8th, 1867, page 225; "and in the 
large majority of instances the water which has to be 
raised carries with it, in a state of suspension, some 
proportion of solid matter. In many cases, the solid 
matter thus suspended is very considerable in quantity, 
and under such circumstances it becomes necessary that 
the pumping arrangements employed should be specially 
adapted to the work to be performed, and should be 
capable of standing rough iisage. It is for work of this 
class that the pump, of which we give engravings " (Figs. 
70, 71, 72, 73, and 74), " has been specially designed, the 
object of the inventor and patentee (patented in the year 
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1862), Mr. John Hyman Woodford, having been rather to 
produce a pump for the economical raising and delivery 
of pure water, than to provide engineers, contractors, 
builders, and others engaged in carrying out public works, 
with a pump which should be efficient under all the 
disadvantageous circumstances arising in practice. 


Fig. 70. 



** In our engraving. Fig. 70 shows the elevation of one 
of these pumps, with the framing, shafting, and delivery 
pipes, as arranged for contractors* purposes. The pump 
A is affixed to a perforated wrought iron box B, which is 
immersed in the water to be pumped. The vertical 
driving shaft, CCC, is coupled by means of couplings 
D D, and supported partially on the wooden bearings E. 
The frame is made of angle-iron in 9 feet lengths F F, 
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fished together, and connected by diagonal braces H H, 
and ties 1 1. All the corresponding parts of the frame 
are made mutually interchangeable, and the holes are so 
arranged that the diagonal and cross-pieces may be placed 
higher or lower, if desired. The delivery pipes are 
screwed to the frame by the strips. The couplings D 
are slightly rounded on the &ce, allowing the shafting to 

Fig. 71.' 



Fig. 72. 

work freely, even when a little out of line. At the upper 
part. Fig. 70, is shown the driving pulley, this pulley 
being secured to any part of the shaft by means of a 
grooved key or set screw. 

" In Figs. 71 and 72 are given enlarged views of a pump 
capable of raising 2000 gallons per minute, the diameter 
across the revolving arms or flyers being 2 feet 6 inches, 
and the speed being, as in iJl Mr. Woodford's pumps, 
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regulated according to the height to which the water has 
to be raised. A number of careful and frequently repeated 
experiments made with this pump have shown that a 
velocity of 500 feet per minute given to the extremities 
of the flyers, just ensures a full delivery on a lift of 1 foot, 
and for other lifts this velocity is increased in proportion 
to the square-root of the height. In putting down these 


Fig. 73. 



Fia. 74. 

pumps, therefore, the rule now is to drive them at such a 
number of revolutions per minute, that the speed of the 
extremities of the arms in feet per minute is equal to the 
square-iroot of the height of the lift in feet multiplied by 
600. 

" Eeferring to Figs. 71 and 72, it will be seen that the 
pump has two revolving arms, P, only, these being of a 
curved form, and being made of wrought iron. The shaft 
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N, on which they are fixed, rests at its lower end on a 
steeled footstep 0, this footstep projecting into a hollow 
formed in the lower end of the shaft, so that the bearing 
surfaces are protected from the action of sand, &c. The 
water delivered by the pump passes through the two 
branches, these leaving the case tangentially, and com- 
municating with a pair of wrought-iron uptakes or 
delivery pipes R, each 6 inches diameter. 

"The pump above described, although giving very 
good results when employed in pumping water containing 
sand and gravel in suspension, is yet not preferred by 
Mr. Woodford for such a service. For passing large 
quantities of sand, gravel, stones, &c., in connection with 
water, the form of pump represented in Figs. 73 and 74 
has been specially designed. In this pump the general 
arrangement is the same as in that shown in Figs. 71 and 
72, but the fiyers, S S, are made straight, and are each 
hinged as shown at T T. Should the flyers become 
stopped by fouling, they can be released by turning the 
shaft backwards ; thus causing the arms to be moved 
inwards, by moving on the hinge T with which they 
are provided. It wiU be seen by the Figs. 73 and 74, 
that in this form of the pump one delivery-pipe only is 
employed, the reason for this being that, in order to carry 
up stones, &c., clearly, it is necessary to maintain a con- 
siderablo upward velocity of water in the delivery pipe, 
and that, under the circumstances, a single pipe gives a 
much clearer passage for the stones, &c., than woald be 
given by a pair of pipes of smaller- diameter, having in 
combination the same sectional area as the single pipe." 

In 1863, Messrs. Stewart and Eersbaw gave another 
impulse to the subject of air compressing pumps, by 
patenting a system of pumping air, which they call the 
Italian system, and which consists of a horizontal cylinder, 
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filled witli water, attached to two upright air-vessels, one 
at each end, as shown in Fig. 76. The piston moves in 
the middle of the water, driving it before, and drawing it 
behind, at each stroke, so that the water only comes in 
contact with the air. This is a most ingenious contri- 
vance, as by it all th6 air is discharged from the cylinder, 
and when combined with stage pumping, which is here 
again patented, ought to be serviceable. The water helps 
to keep the air cool, and is disposed of by being sent 

Fig. 75. 



forward over the discharge valves, in portions at each 
stroke, and finally discharged from the receiver by a 
common trap-valve. 
We find in the year 1864. a centrifugal pump, invented 
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by Messrs. Coignard & Co., of Paris, used at the Irrigation 
Works on the banks of the Nile. It diflfers from Appold's 
pump, inasmuch that it consists of two impellers A A, 
which the inventor calls screws, these are placed symmetri- 
cally upon the spindle D. The water enters the casing 
through the suction-inlet L, which is placed in the centre 
of the same ; through the centre of the screws 0, into the 
wheel I, passing through the orifices F F into the 
impellers, which impart to it an increased velocity up to 
the circumference at G G G G : thence it flows through the 
passages MMMM, into the delivery pipe N. The form 
of the impellers is such that the section of the passages 
decreases from the centre to the circumference, and 
increases from the issue M up to the delivery pipe N, to 
vary inversely with the velocity. Small holes R B admit 
the accumulated air in the top of the casing to pass up 
into the delivery pipe. The centre spindle passes through 
the stuffing-boxes and glands P, the pressure of which can 
be regulated at pleasure. The whole is mounted on a strong 
bed-plate S. This pump is shown in Figs. 76 and 77. 

Drawbaugh's rotary pump, is one of a host of pumps 
which differ very little fix)m one another This was 
secured by letters patent in the year 1866. 

Fig. 78 is a perspective view, with cover or head 
removed, showing the interior mechanical arrangement; 
Fig. 79 is a perspective view of the cover or head of the 
pump, showing the position and comparative size of the 
recesses, a similar recess being upon the corresponding 
opposite interior side. 

A is a pump-case, through which the liquid is to be 
lifted and forced. Within the said pump-case are two 
hubs, each having flanges or pistons of a peculiar shape. 
These hubs are denoted by the letters B and C. The 
pistons on the former are denoted by the letters D and E, 
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and on the latter by T T, Iiaving recesses B B between 
the pistons. 



The hub B is moved by the application of power to the 
dri-ving shaft, which is seen broken off at F. 

The pistons or flanges D and £, on the huh B, are bo 
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constructed and arranged that when describing their 
enter semi-revolntions, the external surface of each 

Fig. 78. 



Fia. 79t 



respectively moves in close contiguity with the interior 
semi-circular surface cf that portion of the interior case 
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of the pQinp, and in making their inner semi-revolution 
they work in contact from point to point through their 
entire extent with the surfaces of the ooncave recesses 
BB, the whole being so constructed and arranged that 
the convex surface of the one shall impinge upon and 
press directly against the concave surface of the other, 
from point to point, in regular continuity, so as to pass out 
from between the two surfaces all the liquid, and cause it 
to flow toward the eduction or delivery pipe G, of the 
pump. 

In like manner the pistons T T, on the hub C, through- 
out their entire semi-revolutions, move in close contiguity 
with the interior semi-circular surface of the external case 
of the pump, so that the liquid cannot flow backward 
past these pistons, toward the induction or suction- 
pipe H. 

In this manner all the liquid which is pressed into the 
recesses B B, and the small concavities at the outer 
extremities of the piston T T of the hub C, as well as all 
the liquid which is cut-off at each semi-revolution of the 
hub B, by the flanges or pistons D and E respectively, 
is carried forward towards the discharge pipe G, and 
cannot return towards the suction-pipe H. 

In order that the machinery should work without 
strain, there is provided a recess K, on the interior side 
of the cover or head, and a like, recess on the opposite 
interior flat surface of the pump-case which is swept by 
these hubs and pistons. Both these recesses open 
upward towards the delivery pii)e G, so that the piston 
£j, when passing into the corresponding recess B, may 
force the b'quid in such recess B, into the recess E, of the 
cover or head, and a corresponding recess K, on the 
opposite interior flat surface of the pump-case, and thus 
relieve the machine from all strain resulting from the 

H 2 
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compression of the liquid, and enable it to flow readily 
and freely from the recesses B B, as the pistons D and E 
enter them. As a further relief from strain, this pnmp is 
provided with two square chambers LL, of a corre- 
sponding length with the hub and pistons, thus allowing 
the liquid to enter and discharge freely. 

From the construction of the hubs B and C, and their 
pistons, it will be seen that the motion of the hub C is 
not constant, but intermittent, being at rest from the 
time the neck of the piston D leaves the external edge of 
the piston T upon one side, until the neck of the piston 
E strikes the edge of the same piston T on the opposite 
side. 

By giving the hub C an intermittent motion, the 
driving hub B is made with but two pistons, of such size 
and shape as to give greater strength, more space for 
water within the pump-case, and consequently a greater 
flow of water from the pump when in operation, than 
could be done if* the hub had each the same number of 
similarly shaped pistons, and should be kept in constant 
motion, or move simultaneously with each other. 

By this construction and motion of hubs and pistons, 
the objection against many, if not all, the rotary pumps 
in use, namely, the great amount of friction when working 
under pressure, is overcome, for when the pistons D and 
E of the propelling hub B are sustaining the resistance 
of the liquid, the pistons T T of the hub C opposite each 
other are equally acted upon by the liquid, leaving the 
hub C, with its pistons, in a state of equilibrium ; con- 
sequently but a small amount of force is required to move 
the hub C, and but little friction or wear will result, even 
when working the pump under a heavy pressure. 

A pump consisting of two pistons in one barrel, and a 
corresponding set of valves for twin double-acting piston- 
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pumps, was patented bj" Mr. Stephen Holman in the year 
1867. 
Aboat thia year (1867), MeBBrs. Laird Brothers, of 


Birkenhead, introduced a donble-acting piston- pump, 
fitted with a piston valve. This pump is shown in 
eeotional elevation Fig. 80, and cross-aeotion Fig. 81. A 
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is the pnmp-piston ; B the pump-rod ; C the piston-T&lve ; 
D the valve-spindle, actuated by au eecentrio ; E ia the 
suction inlet, shown in dotted lines ; P the delivery 
branch. The delivery water from the right-hand end of 
the pomp passes throngh the hollow of the piston-valre. 



Messrs. J, and H. Gwynne secured a patent for an 
improved centrifugal pump in the year 18G8. It is 
illustrated in Figs. 82, 83, 84, and 85. 

Fig. 32 is an elevation ; Fig. 83 a sectional end view ; 
Fig. 84 a front view of the impeller ; and Fig. 85 a cross 
section of the impeller. 

The pump consists of an outer case £, with a diso or 
impeller A, having six arms or blades B cast on a centre 
boss. A centre plate C springs from the boss and 
gradually decreases in thickness to a knife-edge, bringing 
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tte separate onireiito of water into each side of the disc, 
vithont piodnomg any eddy or reSnz. The arms ate 



radial two-thirds of the length, and curved off towards 
the periphery in an opposite direction to the line of 
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rotation, in order to direct the water into the sweep of 
the case and prevent it rushing against the outer side 
of the discbarge passages. Two rings D, Fig. 85, one on 
each side of the arms, form the bearing surface. The 
suction passages F F branch off from the suction pipe Gr 
at the point g. The bottom part of the casing E is 
thinned off to a knife-edge, in order to prevent ary 
obstruction to the water. A space is left between the 
passages and the case, to carry the suction pipe F F over 
the enlargement of the discharge passage in a straight 
line to the opening in the centre of the disc A, at which 
point they curve into the top of the openings. The 
discharge passage is sprung from the periphery of the 
disc in the form of a helix or volute, commencing at the 
top of the case £ and gradually increasing till it reaches 
the full size of the discharge pipe E'. That part of the 
pump casing E which contains the impeller is made of 
the same shape as the profile of the impeller, and similar 
in section, and of just sufficient size to permit the impeller 
to revolve, the bearings rings D being accurately fitted 
to the turned recess in the casing. By this means the 
usual side plates on the disc of centrifugal pumps are not 
required, the peculiar form of the pump casing acting in 
place of such plates, consequently the friction of the disc 
A is reduced. The whole of the disc and arms are steel, 
in one casting. The spindle passes through two stuffing- 
boxes cast on the casing E, to which are fitted gun-metal 
glands. A driving pulley is attached to the end of the 
spindle. Valves are placed at the bottom of the suction 
pipe to retain water when the pump is not at work. 

A double-acting piston pump, very suitable for Colonial 
purposes — where skilled labour is scarce, consequently 
repairs are expensive and in some places almost im- 
possible, except when they are of the simplest form, as 
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putting in fresh cup-leatherp, whicli can be kept in stock, 
or putting new leather faces on the valves, which can be 
done bj anybody who can cut a piece of leather — is illus- 
trated in Fig. 86. This pump was invented and patented 
by Mr. M. W. A. Herring, of Chertsey, in the year 1869. 
The pump barrel A is open at both ends^ and supplied at 



its centre by a ring standing out from its exterior and 
passing to the sides of a casing B, by which the pump 
barrel is surrounded. The casing is thus divided into two 
compartments — one open to the top end of the cylinder, 
the other to the bottom end. 

The casing has also cast with it the central portion of 
the inlet or suction valve-box C ; this valve-box is divided 
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horizontally by a partitioii into two compartments. The 
Tipper compartment of the valve-box is divided into two 
by a vertical partition, and from the compartment on one 
side of the vertical partition a passage is made opening 
into the upper part of the casing, whilst from the com- 
partment on the other side of the vertical partition there 
is a passage to the lower casing ; from the lower com- 
partment of the valve-box is led the suction-pipe, and the 
lower compartment, by two passages fitted with suction- 
valves, communicates with the two compartments above it. 
The manner in which the valve-box is constructed and 
fitted at its upper end with covers by which the suction- 
valve D can be got at for examination and repairs, is 
clearly shown in the illustration. On the opposite side 
of the pump the casing has similarly cast with it the 
outlet or delivery passages fitted with delivery valves F, 
and these valves are both covered over by one cap, from 
which are two outlet or delivery passages, to either one or 
other of which the delivery pipe may be attached, whilst 
the other is closed by a screw cap. The piston L of the 
pump is fitted with double-cupped leathers. 

A vertical double-acting plunger pump, with one 
plunger only, of a rather peculiar construction, was 
patented in England in the year 1870, by Messrs. Bichard 
Potter Pearn and Frank Kelsey Peam. 

Fig. 87 is a sectional elevation of a pump of this 
description ; A is the piston-rod, to which is connected the 
plunger B ; this plunger may be moved up and down or 
to and fro by any arrangement of motive power. The 
plunger B works through a stuffing-box C, which is placed 
in the upper end of the cylinder or working barrel D ; 
the upper cylinder S forms the gland ; this cylinder S is 
provided with a cover or top E, the stuffing-box, and gland 
F ; the two cylinders D and S fit together, as shown in 
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the illnBtration, and are bolted together ; the pnmp barrel 
D ie in one casting with the fonndation plate G aud the 
colamus H and J, the lower ends of which are provided 



with Beatings for the admission or snction valves K and L, 
and the diBcharge or delivery valves M and N, while the 
upper parts of the colnnms form air-vessels to keep up a 
constant flow in the delivery pipe 0. The passage P 
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oonnects the pump barrel D with the right-hand column 
H, and the elbow pipe Q and passage E connect the upper 
portion S of the pump barrel to the left-hand column J. 
The pipe B passes through a stuffing-box T in the upper 
part of the column J. 

The mode of operation is as follows : — ^When the 
plunger B is ascending; the fluid to the pump is now 
entering at the right-hand end of the supply pipe V, and 
after passing the valve K, it flows along the passage P, 
to All the pump barrel D, and the plunger ascends ; at the 
same time the fluid that was above the plunger B is being 
forced up the elbow Q into the passage B, and through 
the delivery valve N into the discharge pipe O. As soon 
as the plunger begins to descend, the pressure of the fluid 
closes the valves K and N that had been open, and opens 
the corresponding valves L and M that had been closed, 
thereby allowing the fluid to enter the supply valve L at 
the left-hand side, and to escape through the right-hand 
delivery valve M into the discharge pipe W. Owing to 
this peculiar construction, the pump gland and stuffing- 
box C can be repacked without removing any part of the 
machine ; it is only necessary to unscrew the bolts by 
which the upper and lower portions of the pump barrel 
are united, the upper portion S can then be lifted up to 
give access to the packing. 

A modification of this pump is illustrated in Fig. 88, 
which is a sectional elevation. The letters correspond 
with those in Fig. 87; the principal difference being 
that the top part of the barrel S is fixed, consequently the 
gland and stuffing-box T is dispensed with, and the two 
barrels D and S are packed by one gland and stuffing-box 
C, which is clearly shown in the illustration. The advan- 
tage is so dear that it is hardly necessary to comment 
upon it* 
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The helical pninp, patented by Messrs. Bolton and 
Imray, is illustrated in Engineering, 1872. It consists 
merely of a revolving wheel or fan, having around its 


Fig. 88. 
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periphery a series of vanes or floats, as shown in Figs. 89 
and 90. The wheel rotates in a casing furnished with 
tangental branches for suction at E and delivery at F, 
the former being placed at a lower level than the latter, 
and the form of the casing A being such that the water, 
as it rotates under the action of the fan B, is made to 
follow a helical course, and is thus, while travelling 
round the casing, lifted from the level of the suction E to 
that of the delivery orifice F. 
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It will be seen from wha,t has been written that the 
helical pump in its mode of action differs from ordinaiy 
oentrifngal pomps. In the latter, it is essential that the 



periphery of the fan shonld travel at a speed which is at 
least equal to that acquired by a falling body in falling 
from a height representing the groas head dne to tiie lift 
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of water, friction, &o. The helical piiinp, on the other 
hand» appears to act by direct impulse, and in practice it 
is found that to a given height of lift it is only necessary 
to drive it at about half the speed which would be 
necessary for a centrifugal pump. In the case of tolerably 
high lifts, this is a decided advantage, and gives great 
facility for driving the pump direct. 

The pump illustrated in the figures has a wheel or 
fan, B, 3 feet 6 inches diameter outside the blade C, and 
6 inches deep, while the blades themselves are 6 inches 
square, which, minus a certain coefficient, represents the 
section of the stream of water which is made to flow 
through it. 

One point in favour of this pump is that it gives a clear 
waterway of large area, a matter of importance in many 
cases, as, for instance, in the event of a leak, the pump 
has to draw from the bilge, and the screen or strainer 
happen to become damaged. 

The patents secured for pumps fitted with slide valves 
are very numerous indeed, differing very little one from 
the other. A proof of this is again illustrate^ by Mr. 
Bobert James Worth's patent secured in the year 1873. 
He claims the particular form of slide valve. On the 
outside of the pump he casts or attaches a chamber,* or 
valve chest, in which ports are formed commuDicatiDg with 
each end of the pump barrel, similar to those of an ordinary 
steam cylinder, by which the water or other liquid or 
semi-liquid is admitted into and exhausted from the pump ; 
also a port, similar to the exhaust port of the steam 
cylinder, which port forms the suction passage to the 
working barrel ; and a branch is also cast on the valve 
chamber, similar to the steam inlet on a steam cylinder, 
which forms the delivery from the pump. 

Nearly covering these ports in the pump is a slide valve 
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having ports, cast through it corresponding with those in 
the pump. Through these ports in the valve the liquid 
is admitted through the pump ports alternately into each 
end of the pump. The inventor specially recommends 
these pumps for heavy tar. 

In the year 1873, Messrs. Ezra Cope and James Eiley 
Maxwell, of Hamilton, Ohio, TJ.S., patented in England the 
double-acting ram or plunger pump illustrated in Figs. 91 
and 92. Fig. .91 Is a sectional elevation, and Fig. 92 an 
end view, with the back cover or bonnet removed. This 
pump is used for moderate lifts in mines, and consists in 
the manner of making a single solid plunger double-acting. 
This is done by providing the barrel of the pump, at or 
near its centre, with a stuffing-box for the plunger to work 
through, and placing each end of the barrel of the pump in 
connection with a set of inlet and outlet valve-boxes ; the 
valve-boxes may be cast on or separately made and bolted 
to the barrel of the pump, as may be found most con- 
venient. This pump consists of a single barrel A, which 
is provided near the centre with a stuffing-box B, for the 
plunger or ram, C, to work through, and each end of the 
barrel is in communication with a set of suction and 
delivery valve-boxes. These valve-boxes are, in this case, 
cast in one with the barrel. The valve-box cover has an 
air-vessel cast on it, and a communication is made between 
the delivery box and the air-vessel. D is a cover or 
bonnet, which covers the back end of the pump, and in 
which the ram or plunger work§. E are three screws fitted 
with check or back nuts for tightening the internal 
gland. 

Included in the same patent, Messrs. Cope and Maxwell, 
now Gordon and Maxwell, describe another type of double- 
acting ram or plunger pump : — In some cases it is desir- 
able to expose the stuffing-boxes around the plunger of the 
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pump, especially in deep mining, to be more aoceesible, and 
to see if they are packed sufficiently tight to prevent 
leaking. For cases of this kind the barrel of tlie pump i» 



nsnally oast in two pieces and joined together by a con- 
necting frame and liolts, or iaetead of casting the barrels 
separately they can be cast together by a framework 
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joining thdr two inner ends, and thereby forming the two 
barrels and bamework in a eolid piece. 
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The inner ends of tlie barrels are provided with packing 
chambers and means for attaching stuffing-boxes, through 
which the plunger works ; the valve-boxes may be C€U9t 
to the barrels or separately made and bolted to them. The 
barrels of the pumps are made so that the inlet and dis- 
charge valve boxes may be placed' on either side of the 
pump. Pumps of this kind may be constructed to work in 
a vertical or horizontal position. The piston rod of the 
engine is attached to the end of plunger, and works 
through a stuffing-box in a cover over one of the outer ends 
of the pump barrel. 

Fig. 93 is a longitudinal section through the pump 
barrels and one of the valve-chambers, and Fig. 94 a cross 
section through the pump barrel and valve chambers. 

A is the pump barrels; B the distance piece. The 
pump is double-acting and the barrels are joined by 
the flanged distance piece C. The plunger D works in 
the two pump barrels, and is packed in its middle by the 
stuffing-boxes E E, and glands F F ; G is the receiving 
or suction pipe connecting the two pump barrels at their 
sides by the valve chambers H H, and J is the delivery 
pipe attached to the top of the pump barrels by the valve 
chamber K K. This pipe is provided with a valve-chamber 
L, to serve as a check valve. 

In the same year (1873) we find a first class pump for 
compressing air; it was invented and patented by Mr. 
John Sturgeon, of Bolton-le-Moors, Lancashire. The great 
feature in this pump being the large area of the inlet 
valve, aud the sudden action of it, as will be seen from 
the illustration. Fig. 95, which is a part sectional and part 
elevational plan. The pump is of the double-acting piston 
type, and consists of the working barrel A ; piston B ; 
pump-rod C. D is the inlet valve, fitting close round 
the piston-rod 0, and carrying the stuffing-box and 
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gland E, and seated on the front of the bneh F inside 
the cylinder. This bush contains openings G Q, thixnigh 
which the air passes into the cylinder, as soon as the 


backward movement of the rod has drawn the valve 
open, 1^ means of its fictional hold tipon it, the 
amount of opening being determined by the position of 
the collar H, which eerves the purpose of a atop. 
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J,K, &0. are a number of small delivery valves, virliicli 
are placed in the hollow cover L, in a circle surrounding the 
central inlet valve D, and are closed in by the covers M, 
N, &c., virhich are screwed in at the front of the cover. 
These valves may be held against their seatings by springs, 
as at J, where needful, but when in a vertical position the 
springs will not be required, and are opened by the pressure 
of air produced in the cylinder by the forward movement 
of the piston B. The surfaces of the valves and the 
passages on the inside, facing the piston, are curved off so 
as to approach as near as possible to the form of the vena 
contracta, and thereby lessen the resistance to the passage 
of the air from the cylinder to the receiver. is the 
delivery passage to the receiver. Several modifications of 
this arrangement are also claimed in Mr. Sturgeon's patent, 
all carrying out the same principle, namely, " placing the 
inlet valve in the centre of the cylinder cover of the com- 
pressor having its boss fitting closely round the piston- 
rod, the latter being free to slide through it, but the fric- 
tion between the two being sufficient to draw the valve 
open as the piston begins to move away from it, and to push 
it shut as soon as the piston begins to move towards it." 

A pump fitted with a very simple arrangement of clack 
valves is illustrated in Figs. 96 and 97. Fig. 96 is a 
sectional elevation, and Fig. 97 a sectional plan. This 
double-acting piston pump was patented by Mr. Cemer 
Thomas Colebrook, of London, in the year 1874. A and 
B are the suction valves ; C and D the delivery valves. 
In the arrangement illustrated in the figure, one suction 
and one delivery valve are made of one piece of leather, 
and the other suction and delivery valve of another 
piece of leather ; these four valves, or the two pieces of 
leather, canvas, or indiarubber, or any other suitable 
material, are stitched or riveted together ; in another 
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arrangement the two suction valves A and B are made of 
one piece of leather, and the two delivery valves C and D 
of another piece ; these four valves, or two pieces, are 
stitched or riveted together. In this manner Mr. Colebrook 


m 

O 



combines and forms the whole number of valves A,B, C, and 
D in one complete valve piece, and applies it simply by 
sliding it between the inwardly or transverse projecting 
parts F, G, and H, of the valve box or chamber J, and 
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retains it in position simply by the cover K of the valve 
box, as will be readily nnderstood on reference being had 
to Fig. 97« Valves thus formed and applied are prevented 





from shifting in any way, without the nse of any of the 
usual fixing means, and have no motion except to ordinary 
lifting and falling, opening and closing, while at work. 
One of the important advantages derived from the nse of 
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this arrangement is that they can be withdrawn from the 
valve c€U9ing immediately the valve box cover K is removed. 
When metal valves are used, the valves are all made 
separate, bnt joined together by means of 'two links and 
two spindles on which the valves turn. 

Although piston valves have been patented many times 
previous to this date, we find one in 1874 by Mr. Joseph 
Evans, of Wolverhampton. Fig. 98 is a sectional plan of 
the valve and valve box, and part of the cylinder ; the 
other part of the cylinder being similar to that of ordinary 
double-acting piston pumps. A is the piston valve, which, 
although it is in the patent shown solid, is made by the 
patentee hollow, as shown in the illustration. B is part 
of the pump piston. The pump piston B is represented 
as moving in the direction from right to left, and the 
suction is admitted through the suction branch C; D is 
the delivery passage from the valve box. It will be seen 
from Fig. 98, that the cylinder inside which the valve 
moves is itself a separate piece from the main casting of 
the pump and box, and is retained in its place by means 
of the cover E. The small openings, F F, are used for the 
working part of the cylinder, in preference to oblong 
openings, so as to retain a proper facing all round, and are 
used for the ends beyond the working part, so as to retain 
an equal distribution of metal round the cylinder. The 
collars or faces, G G, of the valve A are the same distance 
from the outer edge of one port as from the outer edge of 
the other port, but slightly farther apart from the inner 
edge of one collar to the inner^ edge of the other collar 
than the inner edge of one port to the inner edge of the 
other port, so as to prevent the liquid in the pump from 
being trapped as the valve collar is travelling over the 
port.. This pump, when fitted to a steam cylinder, is 
furnished with a very simple reversing gear, so as to turn 
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the Buction into delivery and the delivory into saoiioD, 
when tar is the fluid to be pumped. 

All the centrifagal pnmps we have ao ftir deecribed 


have liad ao impeller only, and not fitted with any gnide 
blades ; but in the year 1874, Mr. Trederick Arthur Ff^t, 
of London, patented a pump of this desoription, 000103.11- 
nicated to him by Meaers. August Christian Nagel and 
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Eeinhold Hermann Kaemp, of Hamburg. Figs. 99 and 
100 illustrate a centrifugal pump with a horizontal 
spindle and an eooentric casing. Fig. 99 is a cross section 
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and Fig. 100 an elevation. The water ascends up the 
suction-pipe A, and is gradually guided or led into the 
revolving wheel 0, by means of the directing plates B ; 
from the revolving wheel or fan C, it is projected by 


oeatrifagal iropnlse into the Ttmes of the oonoentrio 
guiding wheel. In tlua case the direoting plate B ia fixed, 
bnt it is Bometimea made adjnetable, ao aa to regulate the 



quantity of the flnid oondooted into the pomp. In anoh 
instanoea, and with centrifngal water pumps, it replaces 
the foot valve, and serveB to fill the pump, while it also 
allows sudi pump to be placed direct into the outlet pipe 
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without any outer casing. The directing plates are 
shaped to the section known as the *' contraction curve" 
and it is clear that it may be adapted to any known form 
of centrifugal pump or fan. 

The fixed wheel or casing E is fitted concentrically to 
the outer periphery of the revolving wheel, and the pro- 
portions and directions of the series of cells of which such 
fixed wheel or casing consists are adapted to the absolute 
velocity of the issuing fluid. The same flows out of the 
cells in a radial direction when no eccentric outer casing 
is employed, and more tangentially when such an eccentric 
casing is applied as in Fig. 100. Such a concentric flxed 
wheel or casing as described may be applied to any appro- 
priate known form of centrifugal pump. 

When the spindle is vertical the pump is fixed in an 
iron or brick well, the outlet from which is placed at the 
lowest level to which the water in the outlet channel is 
ever likely to fall. The pump is hung on its spindle by 
a gun-metal bearing always accessible, this of course) does 
away with the footstep ; all the bearings of the different 
parts have conical seats, and the impeller can be taken 
out and replaced without emptying the pump well. No 
suction and delivery pipes are used. The outlet from the 
well is fitted with a self-acting back pressure or sluice valve, 
to prevent the water from flowing back when the pump 
is standing. 

A greatly improved modification of Trevithick's " Tem- 
porary Forcer " or continuous flow pump was invented and 
patented in England about the year 1875, although it is 
illustrated in "Die Pumpen," written by Mr. Frederich 
Konig, and published in 1869. It is illustrated in Fig. 101 
which is a sectional elevation. It consists of a suction 
working barrel A, and a delivery barrel £. C is the suction 
pip© ; D the delivery pipe ; E and F are the suction and 
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delivery buckets. The pump rods H and J, are <5oupled 
together to one crosshead E, and this again to a piston 
rod L, or connecting rod, as the case may be. G is the 
back cover, which also forms the connecting pipe or com- 


es 



munication between the two barrels. There is a great 
advantage in this continuous flow pump, namely, — the 
water has a flow in one direction without meeting any 
obstacle, and it has an easy flow which reduces the friction, 
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bat it has the great objection that the strain od the 
oroBshead is ^temate ; however, this oan easily be got over 
bj making a lai^ snotion barrel in the oentre, and one 
deliver; barrel on each side, each of which sboold have 


R 


one-half the area of the snction barrel, and the three 
pnmp rods coupled tooneoroeahead, as shown in Fig. 102, 
which is a sectional plan. A is the large snotion barrel 
between the two small delivery barrels B and 0, each of the 
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small bartela being half of tlie area of the large barrel A ; 
D is the Buotign baoket ; E and F the delivery bnoket ; G 
the suction pipe. The delivery pipes are not shown, being 
provided on the top of the delivery barrels, and joined 



together in one branoh. The three pnmp rods J J J, are 
oonpled to one orosehead K. L is the steam piston rod. 
In the illostrationsFigS. 103 and 104, is shown a some- 


128 pumps: historically, theoretically, 

what novel pump, patented in the year 1875, by Mr. 
Bartrum. The action of the pump may be described as 
follows : — The crank shaft E is caused to rotate, and in 
doing 80 carries the piston A round with it against the 
inside of the cylinder, the centre travelling round the 
dotted circle in the direction of the arrow. The tail-piece 
D of the piston A travels up and down in the rocking 
guide C. By this action on one side of the piston, the 
water is drawn in at an opening F in the cylinder, and on 
the other side, the water that had been dravm in during 
the previous revolution is forced through the passage G in 
the tail piece D, and so on, continuously giving a constant 
delivery, H is the suction inlet and J the delivery outlet. 
K forms the suction air-vessel or vacuum vessel, and L the 
delivery air-vessel. It will be observed that the suction 
and delivery passages are never open to one another, and 
so there is no slip. The adjustment between the piston 
A inside the cylinder is made by turning the small 
eccentric on the crank shaft pin, and fixing it with the 
nut M. The working guide is kept at a constant work- 
ing fit in its bearings by the pressure of the water on the 
discharge side of the piston B. The polishing action of 
the piston against the inside of the Cylinder covers N and 
0, is said to maintain a perfectly smooth surface. Any 
play between the cylinder covers N and and the ends 
of the piston A, can be taken up at once by reducing the 
thickness of the joint between the cylinder and the cylin- 
der covers. In some cases this joint is made self-acting 
by placing a saucer plate between the ends of the piston 
and the inside of the cylinder cover, to the back of which 
plate the water is admitted from the air-vessel, thus 
keeping the working parts always in contact. 

In 1875, we find a form of rotary pump constructed 
by the McFarland Pump Co., Limited, London, which 
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liBS been teeted agamst both higli and low lifie witli very 
Batis&ctoiy results. Fige, 105 and 106, are respectivelj a 
longitudinal and transverse section of one of these pomps, 
adapted for lifts np to abont 60 feet; while Fig. 107 


shows the slight modification of constmctioii adapted for 
high lifte. 

Beferriag to Figs. 105 and 106, it will be seen that the 
pomp consists of an outer casing, A, into one side of wMoh 
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a shaft B enters eocentrically, this abaft having keyed 
apoQ it a dmm C, of snoh diameter that it just toac^ss the 
interior of the oasing on one side, as shttwn in Fig. 106. 
On the cover D, whioh olosee the outer casing on the side 


opposite to that on which the shaft enters it, is formed a 
long boss, 0, whioh is oonoeutrio with the casing, and 
which passes into the driving dmm O already mentioned 
as being keyed to the shaft, B. On this boss are monnted 
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three arms, E, F, and G, which are capable of revolving 
freely, and which pass out through three slots formed to 
receive them in the driving drum. The outer extremities 
of these arms fit against the interior of the casing, as 
shown in Fig. 106. 

It will be seen from the illustrations, that as the shaft 
revolves in the direction of the arrows, the driving drum 
carries round with it the arms turning on the boss of the 
cover, and each arm, as it passes through the upper third 
of its revolution, sweeps before it a charge of water, filling 
the upper part of the pump. In the earliest McFarland 
pump two working chambers were used, each chamber 
being fitted with two arms ; as now made, however, but 
one chamber is employed, this being fitted with three- 
arms, as explained. It will be seen by referring to Fig«. 
106, that, owing to these arms only acting through the 
upper third of their revolution, the amount of their sliding 
movement through the driving drum, when exposed to. 
the pressure of the water, is very small, the chief sliding; 
movement taking place during the remainder of the revo- 
lution, when the arms are in equilibrium. The pump 
thus works with but very little friction, and the flow is. 
very regular. 

In cases where lifts of over 60 feet have tabe dealt with,, 
it is preferred to increase the bearing surface of the arms; 
against the driving drum, by the introduction of semi- 
cylindrioal steel bearing pieces, H, shown in Fig. 10^7. 

In the pump for moderate lifts the main pump casing ia 
cast in one piece with the bed-plate and standard carrying 
the outer bearing of the shaft. In the case of some of the 
high-lift pumps, on the other hand, the casing is made 
independent of the bed-plate, for convenience of arranging 
the gear to suit special circumstances. These pumps have 
been tested against lifts of from 5 feet to 168 feet. Whilst 
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working against 99 feet an efficiency of 58 per cent, has 
been obtained, the pump rauniug at 133 revolntioDs and 
lifting 135 gallons per minute, the pump being 4 inches 
diameter. With a lift of 150 feet and a speed of 120 revo- 


Intious the eame size of pumps has delivered 195 gallone 
per minnte. 

A very uniqne donble-aoting piston pump for light 
pressures is shown in Figs. 108 and 109. This pump was 
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invented by a Mr. Bider, of United States of America. 
The first of this class came to England fitted on one of 
Mr. Eider's hot air engines, which was exhibited at the 
Boyal Agricultural Exhibition, held at Birmingham, in 
the year 1877. It consists of the working barrel A ; the 
piston B ; C is the pump rod, D the suction inlet, E the 
delivery ; F the suction-valve for the bottom of the barrel, 
G for the top of the barrel ; H the delivery valve for the 
bottom of the barrel, and J for the top of the barrel. K K 
are the covers for the suction-valves, L L for the delivery 
valves. The valves are simply an indiarubber cord cut 
to the required lengths. It will be seen that each set of 
valves are easy of access, the covers being secured by a 
single bolt stud provided with nuts at each end. 

An excellent pump for ships' purposes is shown in 
Figs. 110 and 111, and was introduced by Messrs. Stone, of 
Deptford ; it is a modification of the Dounton pump, which 
the author has already described. The inventors claim that 
this pump only costs about half that of Dounton's pump to 
give the same delivery ; that is to say, a 4-inch Blundell 
pump would throw as much per revolution as a 5f-inch 
Dounton of the usual stroke, and so on, for other sizes ; 
thus this pump has a delivery equal to three common 
single-acting pumps of similar stroke and diameter. 

This invention consists in employing three or more pistons 
working in one pump barrel, which pistons are so worked 
or operated as to alternately approach to and recede from 
each other by means of two cranks working two crossheads 
or connecting rods which are attached to the pistons. The 
valves are so arranged that the water can give access to the 
space between the pistons by passages outside the pump 
barrel. The pump head may be fixed, or may be so 
arranged as to form or act as a delivery valve, or in some 
it is dispensed with entirely. 
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The delivery from the second piston may in some cases 
M BO arranged as to discharge through to top piston by 
neans of a tnmk piston-rod closed hv a valve. 
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Fig. 110 U a Beoticmal elevation and Fig. Ill a aeotional 
end view. 


Id this arrangement two pistons A and B, and two 
buckets G and D, are employed. The piston A and the 
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bnoket D are seonred to the pnmp-rod E ; and piston B and 
bncket to the piston-rod F ; G is the suction pipe, H the 
deKvery pipe ; J is the crank shaft actuating the two cross- 
heads K and L ; M is the suction-valye admitting water 
between the two pistons A and B, and N is the delivery 
valve; O is a passage communicating between the two 
buckets C and D. 

The action of this pump is as follows : — Supposing the 
pump to be fall of water or any other liquid, and the crank 
shaft J moved round, then, when piston B and the bucket 
C are moved upwards, the water enters through the suction 
pipe G, through the suction-valve M, into the space between 
the two pistons A and B ; at the same time the piston A 
and the bucket D are moved downwards, causing the piston 
A to deliver water through the passage O into the space 
between the piston B and the bucket D, and also forcing 
the water through the bucket D into the delivery pipe H, 
and the water between the pistons A and B is delivered 
through the delivery valve N into the rising main or de- 
livery pipe H. From this description it will be seen that 
there is a constant delivery. 

A modification of this ship's pump is represented in 
illustration Fig. 112. In this arrangement it will seen 
that there are four pistons instead, as in the previous 
one, of two pistons and two buckets. The illustration is a 
sectional elevation. Messrs. Blundell and Holmes patented 
this pump in 1876, and claim the advantage on account of 
its accessibility in the event of it getting choked or in case 
of repairs being required, as all the valves can be got at 
from the outside and no buckets are used. Another ad- 
vantage is the small number of parts, the valves being 
reduced to four, no foot-valve being required, and only two 
pump-rods and slides are used. As the lower chamber is 
always charged with water, readiness of action is ensured. 
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Ab irill be seen in the illustration, there are four pistons 
carried npon two separate rode working aide by side 


(only one of whiob is shown) throngh stuffing-boxes or 
hydranlio leathenr in the pistcms, and as is nsnally in 
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Dounton's pump. In Dounton's pump, however, when the 
valves get choked, the pump cover has to be lifted, and the 
whole of the interior drawn out in order to clean or repair 
them, but in this pump the valves are accessible through 
doors E*, E^ D\ and B^ and therefore the interior will only 
need removal when the piston leathers require renewal, 
which is very seldom. 

The action of the pump will be readily understood from 
the following description. Upon the crank shaft being 
turned as indicated by the arrow, the crank C^ lifts the 
pistons P^ and P^ simultaneously by means of the rod E^, 
and at the same time the pistons P^ and P* are forced down- 
ward by the rod E^ and the crank C^. The spaces under P^, 
between P^ and P^, and above P*, will then be filled by 
the water lifting the valve S, and passing through the 
passage B and the ports W^ W*, W^, and at the same time 
the water assumed to be between P^ and P^, and P^ and P*> 
will be discharged through ports W^ and W^, and up the 
passage B^ through valve D^ and out of the nozzle O* 
Upon the rotation of the crank shaft being continued, the 
action of the pistons will be reversed, and like results will 
follow ; the filling and discharging of the spaces being 
alternately as the pistons approach or recede from each 
other. 

A German farm pump was first manufactured by Messrs. 
Jacab and Becker, of Blucher Platz, Leipzig, in the year 
1877. Fig. 113 shows the form of pump which was 
specially wanted by German farmers. It is quite simple 
in design, and is so arranged that the parts are easily 
accessible. It will be seen that the valves A and B are 
hemispherical, and are provided beneath with a weighted 
stem to keep them vertical and fair on their seats, which 
consists of rubber rings C, held by angle iron rings B. 
The inlet chamber E may be bolted on to a wooden base. 
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and if deeired oan be snt- 
rounded with an intercep- 
tion formed of plaited osierB, 
to prevent solid matters &om 
entering and choking the 
pump ; of this, however, there 
is little danger, as whatever 
passee the inlets can be 
oarried up through the 
valves. The pump barrel is 
kept steady, by means of an 
adjustable attachment, to the 
ascending pipe shown at F, 
cotiHisting of a bolt passiDg 
through slots in the oon- 
nectiug bars. The plunger 
is without packii^, and is 
made of the form shown at 
Or, a plate H being cast into 
it for connecting it to the 
pump-rod. The top of the 
fixed length of ascending 
pipe is made taper, with a 
semicircular groove running 
round it, shown at J, and 
within which a rubber ring 
is placed to make the joint 
with the socket at the next 
length of pipe. The same 
form of joint is used for each 
section of pipe, as indicated 
on the length E. In order 
to empty the ascending pipe, 
an outlet is provided at L, 
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consisting of a valve kept down by a heavy weight, but 
which may be raised by a cord. 

In illustration Fig. 114 is shown the bonstruotion of 
a continuous flow pump of an uncommon construction, 
patented by Mr. C. F. Amos and Mr. H. W. E. Smith, of 
Hull, in the year 1878. The illustration shows the con- 
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struction so clearly, that but little description will be 
required. The pump consists of two parallel cylinders or 
working barrels A and B, the lower end of A communi- 
cating with the suction inlet 0, and the upper end of B com- 
municating with the delivery pipe D, while the upper end 
of the cylinder A communicates with the lower end of B 
by a passage E formed in the oylinder casting as shown. 
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Except for the communioation afforded by the passage E, 
the two cylinders are shut off from each other by a partition. 
Each cylinder is fitted with a bucket having a valve 
opening upward, and these buckets are coupled to arms on a 
rocking shaft, the arrangement being such that one bucket 
falls when the other rises, and vice versm. The rocking shaft 
is packed by a cup leather where it traverses the partition 
between the cylinders, while it passes out of the pump 
casting through stuffing-boxes and is fitted with hand- 
levers, or with arms driven by a crank and gear, according 
to the size of the pump and the purpose for which it is to 
be used. 

It will be seen that as the pump is worked, the capacity 
of the space enclosed between thd two buckets is alter- 
nately enlarged and reduced, it being at its minimum when 
the parts are in the position shown in the illustration. 
The two bucket valves thus act as suction and delivery 
valves respectively, while, moreover, as the left-hand 
bucket draws from the suction-pipe during its rising or 
up-stroke and at the same time delivers through the other 
bucket, the right-hand bucket also delivering during its 
rising stroke and at the same time drawing through the 
left-hand bucket, the delivery is continuous, and the 
current of water being always in the same direction a high 
efficiency is attained. The valves and buckets, it will be 
noticed, are very readily accessible, and altogether it is a 
very good, though not new arrangement. 

Although Mr. J. L. Norton, in his patent specification 
dated 1861, when describing his single-acting diaphragm 
pump, states, — " The apparatus may be made double-acting 
by dispensing with the passage through the disc, and 
adopting supply and exit pipes with suitable valves for 
each chamber," we find that Mr. G. V. Fosberg secured a 
patent for a similar double-acting diaphragm pump in the 


AND PBACnCALLT C0H8IDEBED. HB 

year 1878. One of these pumps was exhibited &t the 
Tynemonth Ezhibitioii. This pump is illiiHtrated in Fig. 
115, irhich is a Bectional elevation. A A are the top and 
bottom parts of the body, between which is seonred a sheet 
of flexible indiambber, B, dividing the pnmp into two 
parts ; on each side of this mbber are iron shields, C C, 
secnred to a rod, D D, guided at both ends ; one end of tite 
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rod is attached to a handle in the ostial way. E E are the 
suction ralves, F the suction pipe, G the delivery pipe ; 
the delivery valves being on a line with the anotion valves 
are not shown in the illustration. The suotioD and delivery 
of water or any other kind of fluid is caused by alternately 
raising and depressing the indiarubber diaphragm. These 
pumps are intended partionlarly for ships, boats, fishing 
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smacks, &g. ; they are simple in construction, and little 
liable to derangement. 

We find in the same year (1878) another air-compressing 
pnmp, patented by Mr. Stnrgeon. It consists in the means 
of actuating the inlet valve so as to ensure certainty of 
action in opening the valve, no matter at what speed the 
pump may be running, together with an improved arrange- 
ment of the parts of the pump in connection with the 
arrangement of the inlet valve or valves. For this 
purpose Mr. Sturgeon places the seat of the inlet valve or 
valves in the plungers, and applies the valves to them so 
as to' move to and fro therewith, in such a maimer that 
the valve may remain stationary while the piston is moved 
away from it to the extent of opening allowed, thereby 
opening the valve at the commencement of the backward 
or admission stroke. In this case, the piston rod or con- 
necting rod is directly attached to the piston, the valve 
being loose and free to move independently to and from 
its seat therein ; but if sufi&ciently retarded in such inde- 
pendent movement by its own inertia, the pressure of air 
against its surface, and the momentum previously imparted 
to it, to allow the movement of the piston which effects 
the opening or closing of the valve to take place first, the 
valve then, in its open or closed position, accompanies the 
piston through the remainder of the stroke. 

In another arrangement, two single-acting air-com- 
pressing pumps are fixed with their axes in one straight 
line, so that the two pistons or plungers may be fixed on 
the one piston rod. 

When the cylinders are used as above described, the 
plungers may be connected together on one piston rod, and 
the two valves also connected together ; but there must be 
just sufficient difference between the distance of the seats 
apart and the distance of the valves apart as to allow for 
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the necessary lift or opening of the valves. In this case 
the seat of one valve acts aa a stop to regulate the lift or' 
opening of the other valve. 

Another airangemeDt is shown in Fig. 116, which is a 
longitudinal section. A and B are the plungers, coupled 
together by outside roda, and actuated by the connecting 
rod C. D and E are the suction-valvea, seated in the 
plungers A and B. F and Gf are the delivery valves, one 

Fig. lia 


made to slide on a boss on the other, and a spiral spring 
introdnced inside the bosses to keep the two valves on their 
focea when not in action. 

The American ' Sanitary Engineer,' 1883, illuatratea a 
pump called " The Invincible," the principle of whiob was 
claimed to be new at that time. This pump is illnatrated 
in Fig. 117. It consists of a valve seotion or chamber A, 
■which is stationary, with hollow ends, which extend 
through each end of the pnmp cylinder B, and the cylinder 
itself, which is pivoted on the protruding ends of the 
valve chamber A, and to which is attached the sector piston 
G. This sector divides the cylinder lengthwise into two 
chambera. The rocking of the cylinder B by the handles 
D, gives alternate vacuum and discharge in each chamber. 
There are four valves, two suction, E, and two delivery, 
F. The packing in the valve section consista of strips of 
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leather let in flush, or nearly ho, with the metal. The 
sector C ie also packed in the same way. G is the snction- 
ohamber, and H delivery chamber. J, E, are two pobking 


glands, making the joint between the valve sector A and 
the cylinder B. 

This pnmp was patented in this country in the year 
1880. 

A hand force pnmp, known in America by the name 
" Bed Jacket," was patented in that ooontry, in the year 
1881, by John P, lUCattin, Cincinnati. 

The iUuBtration, Fig, 118, represents this pump, adapted 
10 any well or cistern, and for all purposes ; it is arranged 
80 tbat the valves and pistons con be easily taken oat, if 
nooeasary, for repairs, without removing the pnmp, 
standard barrel, or going down into the well. A is the 
pump barrel ; B the differential piston, which is half the 
area of the bucket C ; D is the suction-valve. The column 
or standard B forms the air-vessel, and F is the dip-pipe 
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or delivery pipe, G the buo- 
tion pipe, and H the delivery 
hose, which is coapled on to 
the spout when the pump is 
used for fire purposes, or 
watering gardoES, &o. One 
great advantage in this pump 
ia that there are no stuffing- 
boxes and glands to keep 
tight. It will be easily seen 
that this pump is a modi- 
fication of the previously 
described bucket and plunger 
type. 

A very useful and compact 
little lift pump, illustrated by 
a sectional elevation, Fig, 119, 
was patented in the year 
1882, by Mr. Henry 0. 
Langrehr, of San Francisco, 
California. It consists of a 
body casting A, provided 
with an internal cylindrical 
bearing D, and a chamber 
furnished with a spout or 
shoot ; the chamber is fur- 
nished with a rim G, which 
forms a continuous bearing 
for the working lever I, and 
provided at its base with a 
suction- valve, 0- P is a 
hollow plunger fi.tt6d with 
a delivery valve C and con- 
necting link N. The valves 
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are of the lifting disc type, guided above the seata by 
means of projecting pieces ronnd the circumference of the 
valve plates. 
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We now come to a simple and ingenious air compressor 
of the ram type, which was patented in the year 1883 by 
Mr. Frank Walter Scott. The invention has reference to 
that class of air-compressors in which the air is compressed 
in separate stages, such apparatus being constructed with 
one or more chambers, having suitable valves connected 
therewith for the admission and retention of the air to be 
compressed. 

In Fig. 120, A shows an outer cylinder which is fitted 
with a stuffing-box and gland in which leather or any 
other suitable packing can be placed. B is the plunger, 
which is caused to work up and down in the cylinder A, 
by which means the air is drawn in on the upstroke 
through the valve 0, and is compressed on the down- 
stroke into the chamber D, through the valve £. On the 
second upstroke, the compressed air being retained by the 
valve. E is forced through the valve V, into the pipe L, 
which communicates with a receiver or chamber M, or 
other suitable receiver. The heat caused by compression 
is kept down by water running in at F, into the chamber 
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plnnger, and tlie oonneotion between it and Hx6 chsimbar D 
O and oat at H. The pipe L also forms tho guide for the 
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plunger, and is kept tight by a stuffing-box as shown. By 
means of the arrangement above described the pressure of 
air under the first plunger may be very moderate, while in 
the reservoir or chamber M it wiU be very great. X is 
the driving drum or pulley for actuating the crank shaft Q. 

Fig. 121 shows the method of obtaining another stage 
of compression on the same plan. The operation is pre- 
cisely the same as that in Fig. 120, except that the fixed 
pipe L is replaced by the plunger U, which plunger 
being caused to move in the opposite direction to the 
plunger B, on its down stroke receives and retains, by 
means of the valve N, the air partly compressed in the 
chamber D, and on its up-stroke compresses the air finally 
through the valve 0, in the fixed pipe P, into the reservoir 
or chamber M, or other suitable receiver. 

The motion necessary for actuating these plungers in 
the proper directions are obtained by cranks or eccentrics 
set in suitable relative positions, the whole being actuated 
by any convenient means applied to the shaft Q. S S are 
the eccentrics for working the plunger B, and T is the 
eccentric for working the plunger U. 

The pump shown in Fig. 122 is of the ordinary double- 
acting piston type, with all the valves placed above the 
working barrel, so as to secure the working barrel always 
being full, the peculiarity of this pump being the valves. 
This pump was patented in England, August 1884, by Mr. 
L. B. Carricaburu, of New York, U.S.A. With direct- 
acting steam-pumps, to obviate the necessity of packing 
the piston, Mr. Carricaburu employs a tube, A A, con- 
necting the two' pump and steam cylinders ; this tube he 
surrounds by a second tube B B, the annular space between 
the two serving as an air-vessel ; this space he connects by 
a tube; C, to the water delivery-pipe. A tube of copper 
or brass, D D, is fitted on the piston-rod, and is capable of 
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being replaoed when worn out. The tube he sometimes 
splits in the centre, and introduces a packing. Babbit-metal 
may be poured into the rough casting in the space sur- 
rounding the piston-rod. The valve chamber opens on both 
sides, to allow for facing off the valve seats. The valves 
E E lift bodily from their seats, and also swing up at an 
incliDation. This is accomplished by having the trunnions 
F F of the valves attached to radial arms G G ; these 
arms are wound at one end in spirals round the trunnions, 

Fio. 122. 



the other ends terminating in helices surrounding the studs, 
thus allowing for the lifting and bending movements. 

In the year 1884 Mr. Joseph Armitage Wade and John 
Cherry patented the centrifugal pump illustrated in Figs. 

123 and 124. Fig 123 is a sectional elevation, and Fig. 

124 a sectional end view. It consists of an ordinary 
impeller A, with taper sides, furnished with a screw B, 
on each side ; these screws are right and left handed and 
made to fit in the screw chambers, the external diameter 
being equal to the centre openings for the inlet of the 
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water ; C is the spindle on which the impeller and screws 
are firmly keyed, it carries the driving pulley D: the 
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Spindle works through two stuffing-boxes E E, and glands 
F F, and an ordinary bearing G, on the inside of the 
driving pulley ; H is the casing, J the suction-branch, and 
K the delivery branch. The whole of the pump is cast 
in one with a substantial bed-plate. 

The joint in the casing, giving access to the impeller for 
clearing and repairs, is made at L M. 

The screws in the inlet are 6^ inches in diameter, 
having each three threads. By careful experiments it has 
been found that a pitch of 9 inches for the screw gives the 
best results in a 6-inch pump. 

From the elevation, Fig. 123, it will be seen that there 
are six vanes in the impeller, which are curved backwards ; 
they are similar in shape to those in Gwynne's pump. 

The pump illustrated has 6-inch suction and 6-inch 
delivery pipes, the impeller is 14 inches in diameter and 
1 inch wide, that is 1 inch opening and Ij^ inch width of 
case. A stop N is provided across the top of the casing, to 
prevent the water from rotating in the casing. It is said 
to deliver from 10 to 15 per cent, more water than ordinary 
oentrifugal pumps. 

Mr. Henry Davey, of Leeds, in the year 1886 patented 
an excellent double-acting pump. The invention relates 
to a construction of a double-acting pump arranged in 
such a manner as to simplify the valves and to give 
ready access to the wearing parts, as will be seen from 
the illustration, Fig. 125, which is a vertical section of 
this class of pump. In all cases Mr. Davey employs two 
working-barrels or cylinders, each fitted with a bucket or 
piston having a passage through it covered by a valve 
opening in the direction of flow, and the suction inlet to 
the pump is so arranged that there is always liquid ready 
for starting the pump into action without the necessity for 
the charging with liquid which is required in many pumps. 
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Kafening to Fig. 125, A and B are the two working 
barrels, the backets of which, being worked from opposite 



revolving oranka oi from opposite ends of an OBcillating 
beam, are always moving in opposite directions ; that is to 
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say, when the bucket A is ascending, the bucket B is 
descending, and conversely. The suction pipe C opens 
into a suction air-vessel D, with its mouth considerably 
above the bottom of D, so that there is always retained in 
the vessel sufficient liquid to charge the first barrel A 
when the pump is started into action. The second 
working barrel B, which on starting is primed from A, 
discharges into the air-vessel E, from near the bottom of 
which the delivery-pipe F ascends. The buckets and the 
valves are readily accessible on removing the covers G 
and H of the two working barrels. 

The action of the pump may be thus described. As the 
bucket A ascends it draws the liquid below it, and dis- 
charges the liquid through the bucket of B which is 
descending. As the bucket of B ascends it draws liquid 
through the bucket of A, which is then descending, and 
discharges the liquid above itself into the air-vessel E. 
Thus, in each complete double-stroke there is a discharge 
equivalent to the capacity of the two working barrels. 

Mr. J. 0. Lundberg, of Bruzaholm, Sweden, has patented 
several very excellent pumps for small quantities of 
liquids and fluids, amongst which we find a patent secured 
by him in Sweden in 1885, a sectional elevation of which 
is illustrated in Fig. 126, in which A and B are the pump 
chambers. These two castings are secured t') one another 
by the flanges and D, by means of bolts and nuts. The 
upper part A forms the cylinder E and the air-vessel ; the 
bottom part of the cylinder projects into the bottom part 
of the pump B, through F in it. 

To form a tight joint between the cylinder E, which is 
provided with a flange G and the rough flange F, a pack- 
ing ring H is introduced. For the same purpose a nipple 
or bung is formed on the flange C. In the cylinder 
works a piston J, taoved up and down by means of a lever 
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or any other oonvenient means. The piston J is sur- 
rounded by a packing E, which can be tightened by the 
nut L. The cylinder E is open at the bottom and 
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furnished with projections M]!II]!II; these pipjeotions 
serve as stops for the an otion- valve P, which latter covers 
the Buction inlet from the snction-pipe If and the space 
Q, From the top part A, of the 
pump projects the hollow bracket ^'°- '^^^ 

%, which is iiaed as a fulcrum for 
the lever V Z, which by means of 
the link N communicates motion 
to the piston J. The hollow in the 
bracket X, increases the capacity 
of the air-veaael. The delivery- 
valve is of the annular ring type 
guided by the pump working- 
barrel. These pumps are frequently 
worked by wind power for irri- 
gation and reclaiming land. 

A neat and compact arrange- 
ment of double-acting piston-pamp 
for small sizes is illustrated in 
Figs. 127, 128, and 129. It was 
secured by Boyal Letters Patent 
in the year 1886, by Mr. Thomas 
Ward, of Tipton. 

Fig. 127 represents a sectional 
side elevation; Fig. 128 a side 
elevation ; and Fig. 129 a sectional 
front elevation. 

In the Patent Specification Ur. 
Ward states : 

" I provide two pairs of valves, 
Jj Ej and J, E, respectively, situated upon a common line 
of axis, running about parallel with the pump barrel M,, 
each pair of which consists of a suction- valve surmounted 
bj a delivery; and which pair are separated the one 
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from the otiier, preferably hy what would appear to be a 
fifth valve seat, carrying a ping or &lse valve N. Imme- 
diately below and above, and upon the same axis, the 


Buotion and delivery pipes P, and P, are connected 
respectively, the latter with or without any intermediate 
air-veoBel F3 ; thus providing that a boring bar may be 
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passed right through the lot. Now a port or bye-pass Si, 
communicates from the former, with and beneath the 
suction valves on the one side of the valve-box ; whilst a 
similar one S^, to the latter; with and above the two 
delivery valves ; and in front a comparatively long and 
narrow lid T^ is provided, whereby the valves and the 
division plug are accessible. 

" Again, I may provide a separate working barrel Mi — 
preferably a plain tube requiring neither boring nor 
turning — forced and secured within a bored flange Mj 
internally projecting from the shell M, at about its mid- 
length, which shell, being of superior diameter, ensures 
that a pair of annular ports Y i and Yg communicate from 
the pump Ml, above and below the internal flange Mj, to 
the respective vfidve chambers W2 and W5, situated 
between the corresponding suction and delivery valves ; 
and I may provide but one cylinder cover Ti, by pre- 
ference situated at the end opposite to that containing 
the piston-rod and Btu£Qng-box and gland T5. 

" I may further provide that the fulcrum plate Ei, which 
carries the lever Q, shall be in one and the same casing 
as that of the spear-rod-guide B3, which guide projects 
forward, and spans between its abutments B2 B29 
sufficiently to ensure free vibration to a pair of connecting 
straps Ti Y,, between which it is also situated, sandwich 
fashion, in its other direction. 

"For horizontal pumping, I may provide either a 
vertical valve box to a horizontal barrel or pump, or else 
I may provide a horizontal valve-box, whose valves pre- 
ferably hinge from the cover above, which cover may 
likewise form the air-vessel communicating with the 
fluid, either at chamber Ws or W^ or other. 

*• If desired, either or both of the suction and delivery 
pipes may be connected at Si, and S^ respectively, rather 
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than as provided ; and, finally, the pump barrel and an- 
nular ports as particularly described may be replaced by 
other forms." 

A method of pumping liquid lead is described in 
Engineering, dated January 1st, 1886, page 18. Although 
the apparatus used is not a pu^p, strictly speaking, the 
author thinks it will be both interesting and perhaps to 
many readers useful. Here is the article in full : '< A steam 
pump for Liquid Lead. B. Bosing, of Friedrichshiitte, 
Germany, has lately introduced an apparatus for pumping 
molten lead by steam pressure. Its special use is to 
facilitate the casting of lead into pigs, or its removal from 
one pot to another during desilverising, and other 
operations in cases where the pots are not so placed as to 
allow of its being simply run out from tapping holes in 
the pot bottom. The pump consists of an iron cylinder 
closed at both ends, but provided with a ball valve at the 
bottom, and having two pipes fixed into the top end, one 
pipe delivers the steam jet under the cover, and the other, 
the delivery pipe for the lead, reaches very nearly to 
the bottom of the cylinder, while outside and above, the 
cylinder is raised to a suitable height, and is curved over 
for the convenient flow of the lead. 

** If a lead pot is to be emptied, say into pig moulds, the 
pump is first heated to such a degree that the liquid lead 
will not congeal on it, and is then sunk into the metaL 
The steam pipe has on it a three-way cook, which is 
now connected to the pipe from the boiler. The cock 
being first turned so that the pump cylinder communicates 
with the air, the lead outside raises the ball-valve and fills 
the cylinder. The cock is then turned so that the com- 
munication with the air is closed, and steam of suitable 
pressure is let in. This at once closes the ball-valve and 
forces the lead to rise in the delivery-pipe. In this way 
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the cylinder is emptied, and as soQn as the lower end of 
the delivery pipe is free from lead, the steam rushes up it, 
thus loweriujg the pressure in the cylinder so far that the 
lead can again open the ball-valve and rise in cylinder. 
The steam pressure then again rises, closes the ball-valve, 
and expels the lead as before up the delivery pipe. These 
alternations follow one another Very rapidly, and an almost 
continuous stream of lead is ejected from the pump, as 
long as enough remains in the pot to open the valve and 
rise in the cylinder. 

"German metallurgist papers speak of the pump as 
working " very well indeed at those works which have 
adopted it, proper relations being maintained as to size of 
pipes, cylinder, steam pressure, <fec. Of course, in principle, 
this idea is anything but a new one. In sugar refineries, 
hot liquors have long been raised by exactly similar 
apparatus, and the " acid eggs " of sulphuric acid works 
are the same thing, only using compressed air in place 
of steam, and being made without a self-acting valve for 
refilling the pump, the liquor to be raised being run in 
from a pipe with stop-cock for each operation of lifting. 
The application to molten lead, however, is a new one. 
The * New York Engineering and Mining Journal ' gives 
a description of the pump, "Which it appears to regard 
as new in principle, as it says " that it is believed that this 
apparatus could he used for other hot liquids and (compressed 
air being substituted for steavrC) also for cold ones ;" apparently 
communicated direct from the adopter. From the same 
source it probably has received the very amusing in- 
formation which it gives as to the action of the German 
Patent Office, concerning Rosing's application for a patent 
for the pump : " It does not appear that any objection was 
raised on the score of novelty, but the wiseacres at the 
Patent Office refused a patent because they discovered ^ 
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reason satisfactory to their own minds why the pump 
would not answer. They wrote to the applicant the 
following piece of wisdon, which, as the ' Engineering and 
Mining Journal* says, "is awe-inspiring: — Tom have not 
touched the point most important to the operability of the 
apparatus^ namely^ the excessively high pressure^ corresponding 
to the temperature of the molten lead^ which the steam must 
acquire through contact with it, and which renders doubtful 
the operability and applicability of the apparahts.' As our 
contemporary points out, the supposition that excessive 
pressure could be produced by superheating one end of a 
small steam current which is in open connection with the 
boiler, is, of course, perfectly absurd, and astonishing for 
the Patent Office of a country where science lies around 
loose for everybody's benefit. When this solemn suggestion 
was put forth, this pump was working perfectly. But 
the patent has never been granted, and it appears that 
the officials concerned are quite sure the apparatus will 
not work," 

In the year 1887 we find that Mr. Johan Olof Lundbergs, 
through Mr. William Phillips Thompson, secured a patent 
for "Improvements in double-acting piston pumps." 
One of these pumps is illustrated in Fig. 130, which is a 
sectional elevation. A is the working barrel, at the ends 
of which the valves B and are placed. The air- 
chamber or vessel D, with the dip pipe or rising main E 
fitted therein, is secured to the cylinder by means of set 
screws F, G. Into the base H, also secured to the 
cylinder by means of the set screws J, K, there extends 
beneath the valves B a compartment L, into which the 
suction-pipe M enters a short distance. Under the valves 
B are short lengths of pipes N, descending into the com- 
partment L. As the piston advances and returns in 
the working barrel, the water is sucked through the pipe 
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M into the compartment L, and from this compartment, 
through the pipe N and the valves B, into the working 
barrel A. The water is then forced up through the 
valves C into the air-vessel D, whence it is forced up into 
the rising main E. In consequence of the rarefaction of 
the air produced in the compartment L, which thus acts 
as a suction air-vessel or vacuum-vessel, the water is 
sucked in a continuous stream from the pipe M. By 
reason of the suction-pipe M extending some distance 
above the bottom of the suction air-chamber L, the water 
level in the said chamber will, when the pumping is 
discontinued, subside to the line a h. In the air-chamber 
D the water will subside to the line c — d. This arrange- 
ment has the advantage that, when the pumping re- 
commences, the plunger will immediately aspire the 
water in the chamber L, which water serves to tighten 
the packing of the piston and the surface of contact of 
the valve seats, and at the same time it prevents the 
air from being aspired through the pipe E, in the event 
of the Jvalves C not being perfectly tight. The suction- 
valves B have their guide below the valve seats, in order 
that the inlet area may not be reduced, the guidance of 
the valve being besides more certain. The delivery 
valves C are, like the previous ones, guided inside, in 
order to occupy the least possible space. The piston is 
worked by means of the shaped lever E, pivoted at the 
base of the pump, and by means of a bent link Q, which 
is connected with the piston rod. 

Another arrangement of Mr. Lundberg's small double- 
acting piston pumps is shown in Figs. 131 and 132, in 
which aU the valves are placed above the working barrel. 
The suction air-chamber consists of a pipe E, the lower 
end of which is screwed fast in the body of the pump, and 
over this pipe is passed the delivery air-chamber S, which 


ANI> PRACnCAIiT CONSIDERED, 16S 

is, moreover, united with the pipe R by means of box- 
coupling T. By thia arrangement the suction air-chamber 
ifl placed in the delivery air-chamber, and the lower part 
of the latter, which conBtitutes the lid of the delivery 


valve box, is pressed, by means of the bos-conpling T, 
against the upper surface of the pnmp body, by which 
tneans, if packing is laid between the two surfaces, a tight 
joint may be produced. The lift of the snction-valves U 
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IB determmed by the sorewe V, introduced through the 
(^linder ooTers, whilst the delivery Talvee W oome in 
Fio. 133. contact with the shonlderB X pro- 

jecting downwards from the air- 
chamber. The water paseee through 
the snotion-pipe T into the com- 
partment beneatii the saotion- 
Talves. When the piston is poshed 
foTwardfl, the water rises through 
one of the Btiotlon-TalTes, and 
passes throngh a port at the end of 
the cylinder into the latter, and is 
then forced through tho port and 
the deliveiy -valTes to the delivery 
(dr-chamber and off through the 
delivery pipe Z. By removing the 
air-chamber, free acoess to all the 
valves may be obtained. 

The usual manner in working 
deep-well pumps is by means of the 
ordinary well rods or spears, bat 
Mr. Valentine Uorris, of Ipswich, 
has secured a patent by means of 
which he uses a hollow rod, which 
he also uses as the delivery pipe 
or rising main for the pump ; this 
patent is dated January ISth, 
, 1887. One of his arrangements k 

shown in Fig. 133. In the speci- 
fication he states : — " In oarryisg 
out the improvements according to 
my invention, I employ a barrel, 
or barrels. A, of metal or other 
Buitable material, in which a bucket 


AND PRACTICALLY CONSIDERED. 167 

B may work freely, said bucket being packed to allow of 
its fitting the bore of the barrel, A, so as -to be air-tight, 
and thus prevent the leakage of water or other fluid during 
the operation of pumping. 

"A vertical reciprocating motion is imparted to the 
bucket, B, by means of a hollow rod, C, which passes 
upward to the top of the well, pit, mine, or other place 
from which it is desired to raise water or other fluid. To 
the upper end of the hollow rod, C, which is provided 
with a flange, is attached, by screwing or equivalent 
means, a piston, D, open at the top, which works freely 
in a guide-barrel, E, or the hollow rod C may be so 
attached that it passes through said piston, as shown at 
D ; in either case to allow of the water to flow freely. 

" A bridge a is formed upon the piston D, so that an 
ordinary connecting rod F may be jointed, by means of 
which motion is imparted to the piston D, hollow-rod C, 
and bucket B, said motion being derived from manual 
power, through the medium of cranks and gearing, a simple 
crank, or a lever, which may or may not be weighted. 

"Steam or other sources of power may, however, be 
utilised for driving any pumps according to my inven- 
tion, through the intervention of the usual wheels, 
barrels, levers, cams, or the like. 

'* The bucket B, within the working barrel of the pump 
A, is chambered, and the hollow rod C is formed with a 
closed end h passing through the top of the bucket into 
the chambered interior, holes or slots c being cut around 
the sides, to allow of the free passage of water or other 
fluid into the hollow rod c. A suitable valve d, with its 
proper seating, is fitted to the lower part of the interior 
of the bucket, the said valve opening inwards, and closing 
when subjected to internal pressure. The base of the 
barrel A is fitted with a similar valve e, serving the 
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purpose of a foot valve, and opening and closing the 
orifice of the upper end of the suction-pipe H. 

" The valves d and e may be of any suitable form or 
material, but I prefer to use ordinal y conical valves; the 
foot valve e having a perforated guard plate /, recessed 
into the flange of the suction-pipe H. In certain cases I 
may dispense with the foot-valve altogether, the barrel A 
being submerged below the level of the water or other 
fluid that is required to be raised, the water or other 
fluid flowing into the working barrel A through slots or 
orifices. The arrangements above described may be 
applied to any of the forms of pumps according to my 
invention, to suit special requirements. 

" In order to clear the hollow rod C of water or other 
fluid after working, or of air during the first stroke of the 
pump, I provide a cock h with a weighted lever t, which 
keeps it closed when tension is not applied to the cord, 
chain, or rod /. 

"In working pumps constructed according to my 
invention, on power being applied to the crank G, or 
lever, or other medium of transmitting reciprocal move- 
ment, the guide piston D, carrying the hollow rod C, is 
caused to move up and down within the guide-barrel E. 
The working piston or bucket B, is also moved up and 
down within the barrel A, by means of its attachment to 
the hollow rod 0. This displacement of the bucket 
during the upward movement, allows of a partial vacuum 
being created below it in the barrel A, which causes the 
water or other fluid to flow upward through the suction- 
pipe H, opening the foot-valve e, by reason of the reduced 
pressure upon the upper surface. The barrel having 
become partially filled during the up-stroke, at the com- 
mencement of the down-stroke a pressure is created 
below the piston or bucket, which closes the valve e, and 
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opens tlie valve d^ affording ingress to the water or other 
fluid into the interior of the hollow rod 0. This opera- 
tion being repeated by continuous strokes of the bucket, 
the rod C becomes filled and a column of fluid supported 
therein, the added increment of which during each 
successive stroke flows from the open top of the hollow 
rod C, above the guide-piston D, and is conducted away 
by the pipe or by a spout K. 

" It is obvious, therefore, that the act of raising a 
column of water or other fluid within a hollow rod C, 
does not require mechanically the exertion of any greater 
degree of force than if such column of water or other 
fluid were maintained within a long suction-pipe or 
stationary discharge-pipe, as in the case of pumps as 
hitherto ordinarily constructed; but the greater weight 
of a long hollow . rod may in certain cases require a 
counter-balance, which is provided for by reason of the 
descent of one rod and bucket neutralising the weight of 
the opposite ascending rod and bucket of equal weight. 
In other cases I may employ counterweight L, with 
chains or cords passing over suitable pulleys w." 

Now we come to two pumps, improvements upon 
Bramah's pump, page 25, patented in England in the 
year 1887, by Mr. J. 0. Lundberg, of Sweden. The 
patentee has given them the name " Flap-valve 
Pumps." The first relates partly to a flap-valve pump 
provided with a suction air-chamber surrounding the 
barrel of the pump. This pump is illustrated in 
Figs. 134 and 135. It is arranged as follows: — The 
valve-box or cylinder A, of the pump has, as usual, a lid, 
B, through which passes the shaft C, on which the flap- 
valve D is secured. The walls of the cylinder A are 
hollow all round, and the space E thus obtained is con- 
nected below with the suction-nipe F, and serves as a 
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BQctioo-chamber. The circular space E communicates 
likewiBC with the interior of the pump by the porta G 
(Fig. 134), theee ports being opened and closed b; meaos 



of the Huction-valve H on both sides of the pivoted valve 
D, The top valve J, as usual, placed immediately above 
the auotion-valves, and the arrangement of the flap-valve 

and the other valves does not materially differ from that 
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of a common flap-valve pump. The top of the interior of 
the barrel commnnioates with the delivery pipe K. The 
space E, however, is not partitioned thereby, for, as shown 
in rig. 135, behind the enlargement on to which the pipe 
K is secured, the space is narrowed to a passage L, thus 
effecting the communication between the two halves of 
the space E. The space E can, however, be divided into 
two parts by filling up the passage L, when two suction 
chambers are obtained, one for each valve. The lid B is, 
as usual, secured fast to the cylinder, packing being laid 
between the surfaces of contact. In the centre of the 
lid is a stuffing-box M, through which the shaft C of the 
flap-valve passes. On the box M, and provided with a 
screw-thread, there is a disc N, having wings 0, by which 
it may be turned round. The underside of the disc N, 
when screwed down, rests, with the intervention of pack- 
ing, against a ring F on the front of the lid. Holes are 
so arranged in the lid that one or more of them Q" and 
Q'" extend to the space under the delivery valve J, and 
one or more of them Q' to the space above the said valves. 
When the disc N is screwed outwards from the lid, the 
outer ends of the holes Q', Q", and Q'" will be uncovered, 
whereby the water in the pump is partly enabled to get 
out, and the air partly enabled to get in. In order to 
effect a complete exhaustion of the pump, the flap- valve D 
should be moved to and fro by means of a lever on the 
shaft of the valve, which will facilitate the exit of the 
water on either side of the valve. The air thus enters 
through the small holes Q", and the water flows out 
through the holes Q' and Q'". By this complete exhaus- 
tion the pump will be frost-proof. 

The suction chamber of the pump works in the follow- 
ing manner : — When the pumping begins, there is air in 
the space E, constructed in the walls of the pump 
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cylinder. Part of this air goes up througli the suction- 
valves H by the alternate motion of the flap-valve, and 
the water is drawn in through the suction-pipe F. When 
the water has risen up to the ports it is drawn into the 
flap valve-box, while the top of the space E fills more 
and more with water. 

Every time the flap valve is moved towards either side, 
the water is drawn in through the suction-pipe, but when 
it returns in the opposite direction, the water continues 
to ascend through the suction-pipe, in order to fill the 
remainder of the space or chamber E. When the flap- 
valve has returned, and one of the suction-valves is 
opened, the pump acts, on the contrary, by suction on the 
water in the pipe. Thus it is clear that there will occur 
no shocks in the suction-pipe, but that a suction exists 
and acts even in the turning movement of the flap- valve, 
and it will be seen that a pump arranged in this manner 
yields more water than a flap-valve pump of the ordinary 
construction, and besides this the suction-pipe may be of 
a smaller diameter, because the water circulates therein 
without interruption. 

The pump represented in Figs. 136 and 137, is prin- 
cipally intended for walled-in ground ; and for driving it, 
a wind motor may be advantageously employed. The 
figures are respectively an elevation and vertical section. 

A is the pump cylinder, to the end of which the 
collection chamber, B, is secured, and from which the 
delivery pipe, C, ascends. The pump has eight valves in 
all, namely, four in each end of the cylinder. The valves ♦ 
F, G, H and J, in the end D, are provided with strength- 
ening flanges, and are placed on the inner side of the 
cylinder end, so that they may open inwards to the pump, 
and they thus become suction- valves. The valves L, M, 
N, aiid in the cylinder end K, which are opposite the 
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Buddon-Talves and open towards the interior space B, are, 
on the oontraiy, placed on the outer side of the said end K, 
so that thejr open into the space B, and thus they con- 


stitute t1 e delivery valves. On the shaft P, which paGBe« 
through the pump cylinder, the flap valve B is fixed. In 
addition to the flap-valve E, the interior of the cylinder is 
divided into two equal parte by the fixed partition wall S, 
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which fits into, a groove in the ends and in the sides of 
the cylinder, and extends close np to the centre of the 
flap-valve. When the flap-valve is moving in either 
direction, water enters the cylinder through two snction- 
valves, and is at the same time forced from the cylinder 
into the space B through two delivery valves. When the 
flap-valve returns in the opposite direction, the water 
enters into and is forced from the pump by the two 
suction and delivery valves situated diagonally opposite 
to the valves just named. By imparting an oscillating 
motion to the flap-valve, the pump will thus have a 
quadruple action as compared with a single-acting pump 
with only one suction and one delivery valve. A 
metallic wire gauze, T, fastened on a projecting flange on 
the cylinder, and on the centre of the cylinder end D, 
surrounds the shaft P, and prevents any solid matter £rom 
getting into the pump. 
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EEMAEKS ON DESIGNING PUMPS, PEAOTICALLY 

AND THEOBETICALLY. 

It is rather di£Scult to determine where the practical 
and the theoretical parts in the construction of pnmps 
commence and terminate ; they are so woven together, one 
cannot exist without the other. 

After these few remarks, the Author will proceed with 
pointing out the most prominent features to be noted in 
designing a pump. 

All valves and ports should be arranged so as to obviate 
the possibility of air lodging at any part. The air always 
rises to the highest point. 

The various sections of the pump should always have, 
as near as possible, the same area, for the reason that 
when the area increases or decreases, the speed of the 
water is likewise affected; consequently a shock occurs 
when currents of water with different speeds meet. This 
cannot conveniently be carried out with horizontal pumps, 
therefore, the ports and passages should be kept the same 
area as the dear area of the seats of the respective 
valves. 

The area of the valve box should be equal to the area 
of the top of the valve plus the area of the valve opening ; 
that is to say, the annular space round the valve should 
be of the same area as the clear area of the valve 
opening. 

All bends should have an easy curve. They are in 
Germany mostly made one-half of an inch larger in 
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diameter than the straight passages, to compensate for 
the additional friction in the bends. 

All passages should be made round, because they create 
less friction and are stronger. 

Sharp comers should always be avoided, except where 
the current of water is desired to be spilt, as in centri- 
fugal pumps with suction admission at each side of the 
casing. 

The top of the suction-valve box should never be above 
the top of the pump barrel. 

The under side of the delivery valve seat should be 
level with, or above, the top of the pump barrel. 

The water should never be allowed to meet a flat 
surface. 

The plunger should not be flat at the end, as usually 
made in England, but made in the shape of a parabola or 
an ellipse. 

The clearance space should be made as small as possible. 
The distance between the two valves and the piston or 
plunger, as the case may be, should be little ; otherwise 
the suction power of the pump will be greatly reduced. 

Covers, for access to the various valves, buckets, pistons, 
and plungers, should always be provided, for easy access 
for repairs or cleaning. 

In vertical pumps, especially when of a large diameter, 
the suction pipe should be of the same diameter as the 
pump barrel, or ram pumps the same diameter as the ram, 
and the delivery pipe not less than half the area of the 
barrel. The larger the pipes the less friction, con- 
sequently less power is required to raise a certain 
quantity of water to a given height. 

The working barrels or pump "trees" (so called 
because originally they were made from logs of trees) 
are mostly formed of cast iron ; wrought-iron pumps are 
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rarely used, except for monntaiDOna countries, where they 
are to be carried by horaoB or mnleB, in^short pieces for 
facility of transit, andnltimately _ ^ 

put together at the mines. In 
some of the Mexican minee cast- 
steel pumps were introduced to 
save ezpeoEe of carriage, but, 
not proving a STtccees, were 
replaced by ordinary oast-iron 
pumps. When the water is very 
ooTToeiTe, the pump barrels for 
ram pumps, odA also the 
H-piece, or suotioQ valTe-box, 
J, Fig. 138, in which the suction 
▼aWe, E, is fixed, are liiied with 
narrow slips of wood. 

The tendency of the cylinder 
or working barrel to become 
oxidised when iron is used m 
the material of coustruotion, 
often ooufititutcs a serious difS- 
culty, especially in cases where 
the water is chained with sub- 
stances capable of determining 
rapid oxidation. In pumps for 
draining mines the working 
barrels and huokets, when made 
of iron, are frequently destroyed 
in a short time, and of course, 
in such oircnmstances, a satis- 
fiaotory degree of efBciency is 
not to be looked for. To remedy 
this defect the cylinders are 
sometimes lined with brass, and 
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though the first cost is considerably enhanced thereby, 
the additional outlay is soon recovered in the higher 
efficiency of the pump, while the greater durability of 
the working barrel renders such outlay a real source of 
economy. 

The pumps for direct-acting steam-pumps should be 
made as light as possible, consistent with strength, 
to reduce the carriage and custom-house duty to a 
minimum, the latter being in some countries charged by 
weight. 

The principal thing to look at, from a practical point ot 
view, is the machine work ; all, as far as possible, should 
be done in a lathe or miUing machine, so as to leave as 
little work as possible for the fitter. 

No studs should be used wherever a bolt can be put in, 
as much annoyance, loss of time, and often a great loss of 
money, is caused by a stud breaking, as the old stud 
generally must be drilled out before a new one can be put 
in; bolts are also cheaper. This is most important in 
mine pumps. 

All work that can be done should be done by piecework, 
carefully examined by an impartial and competent fore- 
man, especially the studding of a pump. The Author had 
once great experience with this, and found, in many cases, 
studs put in only two or three threads deep. This can 
easily be detected when studs are screwed at each end 
only, but when the studs are made from bars screwed all 
the way and cut off to lengths when wanted, the work- 
men must be carefully watched. 

All facings should be on as few sides as possible, so as 
to have few settings of the pump on the machine, except 
when machines are at hand where two or more sides can 
be faced at once. 

As regards boring, it is cheaper to have a cover at each 
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end, for then the cutters in the boring head can be set to 
different diameters, and the pump bored by the head 
passing through it only once. 

Uniformity of metal all through the pump, to equalise 
the contraction in cooling, when cast, should be con- 
sidered. 

The valye seats should be above one another; the 
suction valves central with the delivery valve, so that 
they can be bored out at the same setting. 

The cheapest plan is to make the delivery valve and 
seat so much larger than the suction valve and seat that 
it may drop through the former, because one top cover 
will do for both sets of valves. This plan is also more 
convenient, as there is a quick access to both valves in 
case of examination or repairs. 

One suction and one delivery valve for each end of a 
double-acting piston-pump is the cheapest and best for 
the action of the pump, as it prevents eddies, and if the 
valve is properly constructed, guides the flow of water in 
the proper direction. 

Deep-well pump barrels should be placed as near the 
surface of the water in the well as possible ; and in cases 
where the pumps are likely to be flooded, the pump trees 
should reach above the highest water level, and buckets 
and valves arranged to be drawn out from the top. 

When hot liquids have to be raised, the suction should 
be as low as possible, in fact it is best to have the water 
running into the pump, that is, having the tank or cistern 
from which the pump gets its supply placed above the 
level of the pump barrel. 

The main features of centrifugal pumps are the vanes 
or blades. The present well-known shapes are the results 
of numerous experiments. The idea was at first to drive 
the water by means of the blades, and the blades were 

N 2 
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made straight and radial. The results were most unsatis- 
factory. A straight blade placed at an angle was next 
considered, and, upon experiments, proved greatly superior 
to the straight and radial vanes. The curved vanes were 
next experimented with, with good results ; for whereas the 
duty attained by straight radial vanes was only 24 per 
cent., with straight vanes placed at an angle of 45 degrees 
43 per cent, was attained, which was increased to 65 per 
cent, by means of curve vanes. 

From this it appears very clearly that by leading the 
fluid, an amount of duty is obtained greatly beyond what 
driving would ever attain. The point to consider is 
therefore the form of vanes best suitable for the purpose. 

The shape of the vanes should be arranged to facilitate 
the flow of water, and to leave the impeller without 
shook. 

Mr. David Thompson, in a paper on Centrifugal Pumps, 
read by him before the Institution of Civil Engineers, 
said : — " It would appear that the general contour of the 
arm may be varied without any material deduction from 
the duty, but the angle which the arm subtends being 
fixed does not admit of much doubt what curvature to 
give them." 

Some makers form the arms or vanes straight two- 
thirds of their length, then curve them towards the 
periphery in an opposite direction to the line of rotation 
for low and moderate lifts, and with the line of rotation 
for high lifts. 

The circumferential end of the vanes should finish at 
an angle of about 20 degrees to the tangent 

The vanes are generally six in number, and subtend one- 
third to one-fourth the circumference of the impeller. 

The vanes should be made as thin as possible, to avoid 
obstruction to the entering water, thereby preventing the 
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stream from becoming broken and agitated in its passage 
througb the impeller. 

The passages through the impeller should be so pro- 
portioned as to gradually increase the velocity of the 
water until it arrives at the circumference, when a 
gradually decreased velocity should take place until it 
enters into the delivery pipe. 

The clear width of each division between the side 
plates of the impeller and the centre plate should be 
equal to one-eighth the diameter of the impeller ; if there 
is no centre plate, the distance between the cheeks should 
be one-fourth the diameter of the impeller at the centre 
opening. The impeller should have its least width at the 
periphery, and become gradually broader until its edges 
intersect the opening in the centre through which the 
water is drawn. 

Mr. David Thompson remarks that the contraction of 
space at the sides of the fan, to give uniform opening 
through the fan, has been tested, and no increase of duty 
given. Looking at it theoretically, it would appear to be 
more correct to enlarge the area of the fan towards the 
circumference before its discharge, and thus be made to 
part with a portion of its vis viva. 

When no centre plate is used, there should be a central 
disc, secured to or cast in one with the centre boss, a little 
larger in diameter than the inlet to the centre of the 
impeller, and the circumference of this disc should be 
brought down to a knife edge. 

All changes in the direction of the flow of the water 
should be gradual. 

All comers should be well rounded, and all curves 
should be as easy as possible. 

All expansions and contractions in passages should be 
made gradually. 
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The case is sometimes made in the shape of an helix, 
commencing at the top and gradually increasing nntil 
it reaches the delivery pipe. 

The delivery or discharge pipe should be placed tangen- 
tially with the casing, to guide the flow of the water 
into it. 

The vertical height of suction should be made very 
little, in fact it is best to have the water running into 
the pump. The greatest depth from which ordinary 
centrifugal pumps can draw water is 25 feet, but in 
practice it should never exceed 15 feet. 

At the point in the suction pipe where it branches off 
to the sides of the casing, the passage should be formed 
into a knife edge, to cause as little obstruction as possible 
to the flow of water. 

At the highest point of the casing a cock or valve 
should be provided for letting out the accumulated air, or 
a connection by means of a small hole or passage between 
that point and the rising main. 

An arrangement should be provided on the top of the 
casing for charging the pump and suction-pipe with water 
before starting. 

A cock should also be provided at the bottom of the 
casing, for emptying the water out of it in frosty weather 
when the pump is stopped. 
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CLASSIFICATION OP PUMPS. 

The term **pMmp" implies a machine for raising water 
or other liquids or fluids by means of the atmospheric 
pressure. 

Force may be applied to a liquid through the medium 
of a pump in two modes ; one being to bring the liquid 
upon a piston, working up and down in a cylinder, to the 
upper end of which a pipe may be fixed; the upward 
motion of the piston then raises the water at every 
successive stroke until it eventually reaches the top of the 
cylinder or pipe. Pumps of this kind are called "lift 
pumps," because the liquid is lifted up by the piston or 
bucket to the required height. It is obvious that this 
height is limited only by the strength of the materials and 
the force available. In such a case atmospheric pressure 
is employed to raise the water a portion of the height. 
The part of the pump which is below the bucket is 
called the " suction," and that above it the " lift" 

Another mode of applying force to the fluid by means 
of a pump is to bring the fluid beneath a piston working 
up and down inside a cylinder, the downward movement 
or stroke of the piston forcing the fluid up through a pipe 
provided, or in any other direction that may be required. 
A pump of this description is called a " force pump," and 
possesses many advantages over the preceding one, which 
will be explained under the proper head. 

There is a third general division of pumps, combining 
the two classes, and called " lift and force pumps." 
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Lift pnmps are represented by tha ordmary bucket 
pump, Fig. 139. 

The force pumps are reptesented by the ram or plunger 
pump, Fig. 138, page 177. 

The lift and force pumps are represented by the piatoo 
and plunger pump, Fig. 140. 

Fio. lla 


J 
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ACTION OF DIFFERENT TYPES 0F< PUMPS. 

Single-acting Bucket Pumps. 

A pnmp in its simplest form, Fig. 139, consists of a 
working barrel, A, into which fits a bucket, B. This 
bucket is fitted with a valve which opens upwards; a 
valve, C, is also fitted at the bottom of the barrel, which 
likewise opens upwards. This latter valve is called the 
"suction" valve, or, perhaps, more commonly, the 
" sucker." 

■ 

Now, if the bucket B is raised in the barrel A, by- 
means of the handle D, or other mechanical arrange- 
ment, a partial vacuum is formed under it, more or less 
complete according to the perfection of the working parts 
and tightness of the suction pipe. The valve in the 
bucket is kept shut by the pre$pure of air above it, while 
the suction valve C will be forced open by the water 
rising into the barrel, the water being forced into the 
space otherwise forming a vacuum under the bucket B, 
by the atmospheric pressure on the exposed surface of the 
water in the well; in other words, by abstracting the 
pressure of air from part of the surface of the water, that 
portion of water under the bucket is forced upwards by 
th^ pressure on the remaining portion of its surface. 
Supposing the up-stroke of the bucket completed, and the 
space under the bucket filled with water ; on commencing 
the down-stroke the water cannot return through the 
suction-valve 0, for it shuts immediately by the weight 
of the water, but the bucket valve will open by the same 
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effect. Thus the water will be forced from the underside 
to the top side of the bucket. It will be easily under- 
stood that the water above the bucket can be lifted to any 
height required ; but the height to which the water under 
the bucket cam be raised above the natural level of the 
water in the well is limited by the law of nature within 
the range of 30 feet to 32 feet ; that is, if the vacuum 
could be obtained perfect, there could not be more than 
30 feet to 32 feet from the surface of the water in the 
well to the top side of the bucket when it is at the 
highest point of its stroke. A comparison of the relative 
weights of water and air would appear to warrant us 
placing the suction valve of a pump at a greater height 
above the surface of the water in the well or pit than is 
usually adopted in practice, but the imperfection of 
different parts of the pump do not admit of it being 
carried beyond 20 feet to 25 feet ; the Author, however, 
prefers two pipes each 9 feet long, or 18 feet from the 
level of the water in the well to the suction valve, except 
when the stroke of the pump is very long. 

Continuous Flow Bucket Pump. 

Fig. 102. Supposing the buckets to be moving towards 
the left, the centre bucket will suck in the liquid ; at the* 
return stroke, the water in front of the bucket D passes 
through it. The three working barrels having thus been 
filled, it will be clearly seen that when the buckets go 
from right to left, the bucket D is sucking, and delivering 
the liquid to the buckets £ and F, and that the water is 
compelled to pass through those buckets ; at the return 
stroke the suction water passes through the bucket D, 
and the buckets E and F force the liquid through the 
delivery pipe. 
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Single-acting Piston or Eam Pump. 

Fig. 138. The action of this pump is as follows : — 
When the piston or plunger is raised, the water enters the 
barrel A by means of the suction pipe H and the suction 
valve E, the delivery valve F being held down by the 
pressure of the column of water in the delivery pipe G ; 
on the return stroke, when the plunger is allowed to go 
down, the suction valve E closes immediately and the 
water in the barrel A is forced through the delivery 
valve F into the rising main G. 

Hollow Bam or Plunger Pump. 

Fig. 16. The action of this pump is thus : — ^At the 
up-stroke of the plunger the water enters through the 
suction valve and fills the space under the plunger ; on 
the down-stroke the water passes through the plunger 
and the delivery valve; therefore it has this great 
superiority over the plunger pump — the water rises in 
the direction it enters the barrel, and is not met by a flat, 
solid plunger, reversing its flow, which reversal causes a 
shock, increases friction, and consequently a diminution 
of the useful efleot of the machine. 

Bucket and Plunger Pump. 

Fig. 8. Its action is such that when the bucket B 
is raised it sucks a column of water equal to its area, its 
length being the salne as the length of the stroke ; at the 
return stroke, when the bucket is travelling downwards, 
the water passes through the valve in the bucket to the 
upper part. The ram or plunger C, being one-half the 
area of the bucket B, leaves an annular space round 
the ram equal to half the area of the entire space of 
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the snction side, therefore it will be found that half the 
quantity of the water is raised into the rising main N, 
through the delivery valve L, the other half portion 
remaining in the working barrel above the bucket ; when 
the bucket again moves upwards, the remaining half of 
the water is then lifted into the delivery pipe N. From 
this it will be seen that half the quantity is delivered at 
the up, and half at the down stroke ; consequently the 
pump is double acting, but delivers only the same 
quantity as a single-acting pump of the same area as the 
bucket, or as a double-acting pump of the same area as 
the ram. 

Piston and Plunger Pump. 

Fig. 140. The action of this pump and the Bucket 
and Plunger type is very similar, as will be seen from the 
following : — The piston B is raised and the water sucked 
through the suction pipe C and the suction valve D into 
the working barrel E ; on the return stroke, when the 
piston travels downwards, the water is forced from the 
barrel up the delivery passage F, through the delivery 
valve G. Now the area of the ram, as in the former case, 
is only one-half the area of the barrel ; the annular space 
round the ram H is also one-half the area of the working- 
barrel ; one-half of the water sucked at the up-stroke fills 
the annular space above the piston, and the other half is 
forced up the delivery pipe J ; when the piston again 
moves upwards, the remaining half of the water is lifted 
into the delivery pipe J. 

Continuous Flow Bucket and Plunger Pump. 

Fig. 13. The action of this combination of pump will 
be clearly understood when we consider separately the 
action of each class of pump. If the bucket B and the 
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plunger P are raised together, both will suck and fill the 
working barrels with the liquid they are raising ; now 
when they descend, P forces the liquid through the 
bucket B ; the water which was in the bucket barrel will 
also pass through the bucket ; therefore the water out of 
one barrel will be forced into the .rising main and the 
other barrel above the bucket ; on the next up-stroke the 
water in it will be lifted into the rising main. From 
this it will be seen that the water is continually flowing 
up through the delivery pipe, hence the pump is called 
continuous or continually flowing pump. 


Oscillating or Flap-Valve Pump. 


Fig. 141. 



Figs. 141 and 142, The action of this pump is as 
follows : — When the lever is moved towards the left, the 
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suction valve J will open and fill the right-hand side of 
the cylinder, and the valve D will open and deliver the 




F 




i 



water out of the left-hand side of the cylinder. Now if 
we move the lever towards the right, the suction valve H 
will open and the left-hand side will be filled, the valve 
E will open and deliver the water from the right-hand 
side. 


Centrifugal Pumps. 

Their action may be described thus : — The pump being 
charged with water, the impeller or fan is set in motion at 
a great speed, imparting centrifugal motion to the water 
contained in the impeller, and so driven into the casing 
or body of the pump ; by the partial vacuum thus created 
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in the impeller the water is forced up the suction pipe by 
the pressure of the atmosphere ; the water entering the 
disc receives again a centrifugal motion, and by this 
means a continuous stream is received into and discharged 
from the pump. This fundamental principle applies to 
all centrifugal pumps. 
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ADVANTAGES AND DISADVANTAGES OF 
DIFFEEENT TYPES OF PUMPS. 

Bucket Pumps. 

The advantages of the bucket pump are: the bucket 
fitting the working barrel, there is less body of water 
between the bucket and the suction and delivery or 
bucket valves ; therefore a more perfect vcMsuum can be 
obtained, and the working barrel is more certain to be 
filled. 

The ** wet spear " bucket pump takes up less room in 
the pit shaft or well. 

The occurrence of air getting into the pump, does not 
cause the shock which is experienced with the ordinary 
plunger pump, as the air cannot lodge, but rises straight 
up. 

The disadvantages of the bucket pump are as follows : — 
The friction of the bucket against the sides of the work- 
ing-barrel is very great. 

The wear of the leathers round the bucket, which make 
it work water-tight in the barrel, is often rapid, particu- 
larly when aided by the action of water charged with 
sandy and gritty particles, or contaminated by mineral 
solutions which impart a corrosive action. There is no 
certainty as to the length of time leatherings will last ; 
it may be three months or it may be three days. In some 
collieries it is one man's duty to see that there is always 
a reserve bucket ready to be put in, and the bucket 
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changed every day. The expense of changing the bncket 
in a " wet spear " pump is very great, because the rods 
have to be lifted to the top, ofttimes a groat height. In 
some pumps there is a door called " the bucket door," fitted 
above the working barrel, then, though the spears have 
only to be lifted a little, still the spears have to be released 
and raised. In the " dry spear " pumps, it is only necces- 
sary to knock oflf the bottom joint of the rods, and the rod 
and bucket can be drawn and a fresh rod and bucket put 
in its place in a comparatively short time. 

The area of the water-way through the bucket is con- 
tracted, therefore causing a great amount of friction. 

If any leakage should take place between the bucket 
and the barrel, it cannot be detected, and may, therefore, 
continue a considerable time before it is remedied. 

Eam Pumps. 

The advantages are : — There is less friction in the ram 
working through a stuffing-box, than in the bucket 
against the inside of the pump barrel. 

When the water — generally the case in collieries and 
mines — is impregnated with sand, grit, mud, and other 
foreign matter, the wear and tear of the plunger in hori- 
zontal ram pumps is prevented by the space underneath 
it forming a receptacle for the solid matter, which is not 
the case in the bucket and piston pumps. A cock should 
be provided on the underside of the barrel, that the sand 
or sludge can be blown off at intervals when necessary. 

The cost of repacking the ram or plunger is only nomi- 
nal, but the cup-leathers or other leathering for the pistons 
and buckets are a great expense. 

The ram being packed from the outside, leaks are im- 
mediately detected, and the glands can be tightened in a 
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minute, while the pump is running, and the stuffing-box 
repacked in a very short time; whereas, in a piston pump, 
a leak can be going on for a long time without being 
noticed. 

The ram can be lubricated, and the corroding action of 
of acidulated water greatly reduced. 

The disadvantages are :— The great body of water be- 
tween the suction and delivery valves, consequently less 
perfect vacuum. 

When the valves are placed at the bottom of the 
working barrel, there is a large space for an air-lodge, 
and the reversal of the current of water is very ob- 
jectionable. 

When the delivery clack is fixed at the top of the 
plunger case the air-lodge is dispensed with, and the 
direction of the current of water is not changed. 

With the inwardly-packed ram pumps, as the Worthing- 
ton. Fig. 41, and the hollow ram pumps, Fig. 16, there is 
the same objection as with the bucket and piston pumps, 
namely, a leakage can take place for a considerable time 
without being detected, especially when working against 
heavy pressures. 


Hollow Bam Pumps. 

The advantages of the hollow ram pump are: — ^That 
the water passing straight up, the concussion is greatly 
diminished. 

There is not so bad air-lodge as in the ordinary ram 
pumps. 

When the valve is placed at the bottom of the ram or 
plunger, there is only a little more clearance space than 
in the bucket pumps; therefore, it has a good suction 
power. 
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The disadvantages are: — The contracted waterway 
through the delivery valve, as compared with the ordinary 
plunger pump. 

The large clearance space when the valve is placed at 
the top of the plunger, as shown in Fig. 16* 

Bucket and Plunger Pumps. 

» 

The advantages are as follows : — The pump is double- 
acting with only two valves, namely, one suction and 
one delivery. 

The pump being double-acting in its delivery, it 
delivers a more constant stream than the ordinary single- 
acting bucket pump. 

The disadvantages are : — The small area of waterway 
through the bucket, which increases the friction. 

The friction of the working parts is increased by having 
both a bucket and a plunger. 

Increased friction of the water in the suction pipe, on 
account of the pump only sucking once in one revolution 
or double stroke, which makes the sx)eed of the water in 
the suction-pipe double that of an ordinary single-acting 
pump of the same diameter as the ram. The remedy for 
this is to make the suction-pipe twice the area of the pipe 
for single-acting bucket or plunger pumps. 

Piston and Plunger Pumps. 

The advantage of this pump over the bucket and 
plunger pump is a large delivery passage, instead of the 
throttled waterway through the bucket. 

Another advantage is its being double-acting, with only 
two valves. 

The disadvantages are : — The shock produced by the 
piston meeting and reversing the current of water. 

2 
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The great speed of the water in the suction pipe and the 
consequently increased friction. 


Double-acting Piston Pumps. 

Advantages : — They take up small space. 

Being double-acting, they give a more uniform delivery 

than the single-acting pumps. 

Disadvantages: — When the piston packing is worn, 

leakage may go on without being detected. 
The flat piston meeting the flow of the water- 
Usually a great distance or clearance between the 

suction and delivery valves and the piston. 

Continuous Flow Pumps. 

The advantages consist in the continuous flow of the 
liquid into the delivery-pipe, thereby preventing shocks 
in the same. 

Some designs have also the advantage that the water 
in the pump is always flowing in the same direction, 
thereby preventing the shocks in the pump itself. 

In other designs there is the disadvantage of using cup- 
leathers when the liquid is mixed with grit, sand, or other 
impurities. 

Centrifugal Pumps. 

The advantages are : — The large body of water which 
they are capable of delivering, as compared with their 
size and prime cost. 

They can deliver sandy, gritty, and muddy water, with- 
out any injury to the machine. 

They are easily fixed, and reqtdre very small and inex- 
pensive foundations. 
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The disadvantage is that they cannot raise water to any 
great height. 

In Comparing centrifugal pumps with ordinary recipro- 
cating pumps, we find that for lifts above 20 feet the 
results are in favour of reciprocating pumps ; under 20 feet, 
the two classes of pumps are equal ; but for lifts of 4 feet 
to 5 feet, centrifugal pumps have a most decided ad- 
vantage. 

Submerged centrifugal pumps require no foot- valve ; where 
impure water is pumped this is a great consideration. 

They do not require charging with water before start- 
ing. 

They are, however, difficult to clean and repair, having 
to be lifted out of the pump-well if the water is not let 
away from it. 

Centrifugal pumps with horizontal spindles above the level 
of the water require little foundation work. 

They are easily moved. 

They can be fitted on a trolly, and the suction pipe 
furnished with an universal joint, that it can be raised 
and lowered at will. 

All parts are easy of access for cleaning and repairs. 

They must always be charged with water before they 
will commence sucking, however, and require a foot-valve 
on the suction pipe, to retain the water when the pump is 
standing, which valve is detrimental when gritty, dirty, 
or sandy water is raised. 

This latter objection can, however, be obviated in per- 
manent pumping stations, by fixing the pump in a cham- 
ber so much below the level of the suction water that the 
water runs into the casing; by that means there is no 
necessity for a foot-valve, and the casing, being always 
full of water, requires no priming ; it is advisable in such 
oases to have a sluice-valve or stop-cock on both the 
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delivery and suotion pipes, which can be closed when 
repairs or cleaning are required. 

The most advantageous application of centrifugal 
pumps being where the lift required is both moderate in 
its maximum amount and variable, as when pumping 
against tidal water or discharging graving docks. In both 
cases the lift is very small, and varies irregularly to its 
maximum. Under such circumstances a centrifugal pump 
possesses peculiar advantages, for it keeps working at its 
ordinary speed ; and with the employment of a nearly con- 
stant amount of motive power, it has a faculty of adapt- 
ing itself to the varying lift. 
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GENERAL REMARKS ON PUMPS. 

Change of direction in the flow of the water should be 
avoided as much as possible. After a current of water 
has received an impulse, it is necessary that the motion 
imparted should be continued with an uniform velocity 
throughout its whole course ; any change in that velocity 
will cause considerable loss in power, by overcoming the 
inertia. The motion of a crank moving in a circle with 
uniform speed is therefore an imperfect machine for moving 
a pump piston, because the motion which it imparts changes 
at every point of its course. The pump piston stroke 
should change suddenly, and its velocity remain uniform. 
If any irregularity in the motion of a pump piston is 
advantageous, it is the reverse with the motion of a crank. 

Where long suction pipes are necessary, the direct-act- 
ing pump motion is by far the best, because the speed of 
the water is constant through the entire length of the 
stroke, being proportionate to the movement of the motive 
power, which is not the case with crank-motion, where 
the speed of water in the pipe continually changes. In 
the middle of the stroke, when it should be least, it is 
above three times as great as the average speed. The 
best motion for a pump piston being thus : it should com- 
mence suddenly, which causes all the delivery valves to 
close instantly, the piston then should move at a uniform 
steady speed and finish gradually with a slight pause at 
the end of the stroke ; this latter retardation allowing 
the pump valves to fall gradually, and when the sudden 
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commencement of the stroke occurs, the valves are nearly 
down on their seats. 

In calculating the size of pipes for a pump worked by 
a crank, the quantity must not be taken from the mean 
quantity discharged, but from the maximum quantity. 
If an efficient air-vessel is put on the delivery pipe, and a 
vacuum vessel near the pump on the suction pipe, the 
variation is not so great ; but still it is best to be on the 
safe side and calculate from the maximum speed. The 
greatest speed during a stroke occurs when the piston is 
in the middle of its stroke — that is, when the crank is at 
the top or bottom, in horizontal pumps ; at these points 
the speed of the piston is equal to the speed of the crank 
pin, which is found by multiplying the length of the 
stroke in inches by 3* 14. This gives the distance the 
crank pin travels in one revolution ; multiplying this by 
the number of revolutions per minute and divide the 
product by 12, the result being the speed in feet of the 
piston in the middle of the stroke. 

The late Mr. Thomas Box gives, in his valuable book 
on ' Hydraulics,' published by Messrs. E. and F. N. Spon, 
the following interesting table, showing the variation in the 
velocity in different kinds of pumps without air-vessels : — 


One single-aoting pump, 
worked by a crank . . 

Two ditto 

One double-acting pump 

Three-throw single-acting .. 

Four single-acting, or two 
double-acting 


faxlraum. 

Mean. 

Minimum. 

314-16 

100 

000 

222-00 

100 

000 

157-08 

100 

000 

104-76 

100 

90-69 

111-00 

100 

78-79 


Variation 
per cent. 


314-16 

222*00 

157 08 

14-07 

32-21 
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This table clearly proves that the ordinary treble 
barrel pumps have the most Tiniform delivery, the maxi- 
mum velocity being under 5 per cent, in excess of the 
mean ; an air-vessel is hardly necessary for these pumps. 


Pump Valves. 

The most important parts of a pump are its valves ; let 
the design be good in all other respects, the performance 
of the pump will be seriously affected if the valves are of 
an unsuitable type, or bad in workmanship and design. 
A large portion of the power lost in a pump is greatly 
due to these defects ; it is therefore very important that 
great care should be taken in designing to obviate them, 
and a careful choice made of the class of valves tha't are 
most suitable for the work to be done. 

The duty of a valve is twofold: — Firstly, it should 
afford an unobstructed passage for the water in one direc- 
tion; Secondly y it should close the passage entirely, and 
prevent the return in the contrary direction. For a valve 
to fulfil the first condition, it must not contract the area 
of its waterway, or in any way obstruct the flow of the 
water ; it must move with the same velocity as the water, 
and it must be of the same weight as the water it displaces, 
so as not to cause any resistance to the ascending water. 
To fulfil the second condition it must be heavy enough to 
close by its own weight before the pump commences the 
return stroke, so as to prevent the valve from banging ; 
and it must have very little lift, in order to produce the 
least amount of " slip." 

It would be useless to advocate the universal adoption 
of one particular class, as the conditions under which they 
are employed are so numerous that a single type would 
fail to fulfil all the requirements. 
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The number of different valves are legion, the writer 
will give only a few samples of the best and most 
oommonly used. 

The oldest valve is probably the metal clack valve, as 
it is mentioned and illustrated in Hero's work on 

Fig. 143. 




•* Pneumatics." The illustrations Figs. 143 and 144, and 
the description are taken from that book : — 

" A valve for a pump. The following is the construc- 
tion of the valve referred to. Take two rectangular 
plates of bronze of the thickness of a carpenter's rule, and 
measuring about one finger's breadth (^ of an inch) on 
each side. When these have been accurately fitted to 
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eacli other, polisli their surfaces so that neither air nor 
liquid may pass between them. Let ABOD, EFGH 
(Figs. 143 and 144) be the plates, and in the centre of one 
of them A B C D, bore a circular hole about ^ of a finger's 
breadth (^ of an inch) in diameter. Then applying the 
sides C D to E F, let the plates be attached by means of 
hinges, so that the polished surfaces may come together. 
When the valve is to be used, fasten the plate ABCD 
over the aperture, and any air or liquid forced through 
will be eflfectually confined. For by the pressure exerted 
the hinges move, and the plate EFGH opens readily to 
admit the air or liquid ; which when inclosed in the air- 
tight vessel, presses on the plate EFGH, and closes the 
aperture through which the air was forced in." 

From the same book it appears that the spindle valve 
was also known to Hero, for he says : — " In the cylinder 
bases pierce circular apertures, covered with polished 
hemispherical cups, through which insert spindles soldered 
to, or in some way connected with, the bases of the 
cylinders, and provided with shoulders at the extremities 
that the cups may not be forced off the spindles." 

The most common is the clack valve, which consists of 
a piece of leather or canvas, covering an orifice and held 
down at one edge, which forms a hinge ; the leather is at 
the centre covered top and bottom by metal plates, to 
make it rigid, and to add weight, so as to enable the valve 
to close. 

There are two classes of pump valves : one consists of 
mechanically-moved valves, the other of automatically- 
moved valves. 

The first class consists of either ordinary slide valves, 
as illustrated in Fig. 28, or piston valves, as illustrated 
in Fig. 98 ; they are seldom used except for semi-fluids, 
such as tar, treacle, <&c. 


204 


pumps: HISTORICALLT, THEORETICALLY, 


The other class is so numerous that it would take a 
whole volume to give anything like a complete descrip- 
tion of them. The author must therefore confine himself 
to a few of the most common types. 

Clack Valves. 

llie ordinary clack valve is shown in Figs. 145 and 146, 
and consists of a cast-iron, wrought-iron, or gun-metal 

Fia. 145. 


/ \ 


i 



plate, provided with a hinge pin, working in two forks 
provided on the seat ; the valve is faced with leather, 
canvas, indiaruhber, gutta-percha, or vulcanised fibre; 
the facing material being secured by means of a plate and 
screws or rivets, the former being preferable, as when the 
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leather is worn out the nut can be unscrewed in a few 
minutes and a new facing put on. 

Fig. 146. 



Mitre Valves. 

There are numerous designs of this type ; one is illus- 
trated in Fig. 147, It consists of a gun-metal plate 


Fig. 147. 



furnished on its underside with three or more wings or 
guides (according to the size of the valve), turned to fit 
the gun-metal seat. 

Fig. 148 illustrates, in the Author's opinion, the best 
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yalveB of this type, beoanse'the conical shape of the valve 
guides the water into the proper direction, and canses the 
least contraction of the fluid vein. 


Fio. 148. 




Annular King Valves. 
Fig. 149. 



The valve iUustrated in Figs. 149 and 160 is called 
annular ring valve, because it consists of a ring having 
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beats both at the centre and round the periphery, and 
delirera the water both, through the centre and round 
the periphery ; it is guided on the centre spindle. 
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EEMARKS ON DESIGNING PUMP VALVES. 

The lift of the valves should be of such height as to 
give a full and clear passage for the water to flow 
through. The area of the valve opening in inches, 
divided by its circumference in inches, equals the height 
of the lift required for the valve, which equals one-fourth 
the diameter of the valve. This is for valves that lift 
perpendicularly, as in Figs. 147 and 148. But in clack or 
flap valves, as in Figs. 145 and 146, which are hinged, the 
lift should be taken at the centre, to give the opening 
required; in no case should the angle be greater than 
60 degrees, because the distance to travel is so great that a 
quantity of water will have time to " slip " back into the 
suction-pipe before the valve closes the passage. As a 
rule, the valves ought to be made larger in diameter and 
given low lift, by that means diminishing the quantity of 
'' slip," as this loss of water is technically named. Most 
horizontal pump makers have the suction-pipe one-third 
the area of the pump barrel or ram, and the delivery one- 
fourth. Others make the suction one-half and the 
delivery one-third of the area. 

Whenever large metal valves are employed they should 
be made to beat or fall — ^not upon seats of iron, brass, or 
hard metal, but upon faced rings of hard wood, let into 
the part which would otherwise form the seat for the 
valve. By this means the blow is rendered softer, and 
less likely to fracture or otherwise injure the valve and 
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seat. Sometimes a soft metallic alloy of lead and tin is 
used for the facing instead of wood. But wood has the 
additional advantage of preventing any galvanic action 
between the faces of the valve and valve seat, which, with 
saline water, has been found to do mischief. Metal 
valves, however, succeed better in waterworks than in 
collieries and mines, where the bad quality of the water 
is generally an obstacle to their use. Leather valves, or 
valves faced with leather, are generally preferred by pit- 
men, because they are less liable to slip or to stick open. 
The valve shown in Fig. 150 shows a valve at the Wolver- 
hampton waterworks. It is of the annular ring type, 
rising on a centre spindle ; made of cast-iron, galvanised, 
beating on wooden faces. Originally they beat upon a 
mixture of lead and tin, but they soon became loose in 
their seatings and leaked ; oak was then tried, but the 
acid corroded the cast-iron ; these beats were taken out ; 
lancewood, boxwood, and beech were also tried, but 
nothing answered as well as holly, which was put in in 
the year 1856. Since then it has been found that lignum 
vit8B is the best kind of wood for the beats. Mr. Henry 
Davey, of Leeds, made the bottom beats of gun-metal, and 
the top ones of hippopotamus hide. The leather beat is 
secured against damage by grit by being placed on the 
top instead of the bottom. At present he uses the best 
quality of specially prepared cow hide. 

When leather or indiarubber is used for valves, all 
comers of contact should be carefully rounded off, or else 
the material will be soon cut 

At Clay Cross Colliery, near Chesterfield, clacks faced 
with leather were used and only lasted forty days. Their 
late engineer, Mr. William Howe, the original inventor of 
the so-called Stevenson's link motion, tried gutta-percha, 
this lasted 150 days; at last he tried Tulcanised fibre, 
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which lasted 171 days. This proves conclusively the 
superiority of the fibre for that purpose and quality of 
water. 

All ribs and wings should be placed at such an angle 
that when the valves lift it will partially rotate, and by 
so doing the same part of the valve and seat will not come 
together at two consecutive beats. The valve faces will, 
therefore, last much longer. 

Arrangements of buffers and dosing springs of india- 
rubber, are illustrated in Figs. 161, 152, 163, and 164. 
Fig. 151 consists of indiarubber washers, but they were 
not elastic enough, so round iron rings were put between 


Fig, 151. 


Fig. 152. 




the washers, as shown in Fig. 152, but the rings cut the 
rubber. The arrangement illustrated in Fig. 153 was 
tried, it consisted of round indiarubber rings and flat 
plates. In this case the plates were too small in diameter ; 
the rings worked over the plates. Now the plates are 
made of cast-iron or gun-metal with a bead round the 
edge, as shown in Fig. 164 ; these work admirably. 
In 1873 Mr.. S. Holman patented the application of 
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indiarubber tabular bafiers to euapanded valves for 
rapidly closiog the valvoB. These arrangements of BpringH 
prevent the valves from knocking the top when lijtiug. 



and the Beats whe.i uiLBing, or reduce it to a minimum. 
Steel and brass springB are also osed for different kinds oi 
liquids. 


The nsTial way in which backets are made for horizontal 
bucket pumps is illueti-ated in Fig. 165, but a better plan 
is illnstiated in Fig. 156, in whlt^ the guard B is made 
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to slide on the rod C, making the gnard very flat, so that 
the indiarubber is prevented from bending too far ; but to 
compensate for that, and to allow the rubber to part from 
its seat a distance great enough to give free passage for 
the water, the guard slides, and is kept to its work by 
means of the three indiarubber rings D, and the two 
plates E. A is the indiarubber disc. 

Pump valves should be made of cast-iron, leather, and 
gun-metal for water; cast-iron, cast malleable iron or 
wrought iron for ammoniacal liquor and tar ; gun-metal 
for weak acids, malt liquor and treacle ; for hot water 
gun metal, or specially prepared indiarubber ; for strong 
acids, antimony. 


Spears and Well-rods. 

The spears and well-rods are made of wood, solid 
wrought-iron, and wrought-iron or steel tubes. 

The wood spears should be made of perfectly sound 
Memel timber, free from defects or knots, and of the 
greatest length possible, the lengths varying from 10 to 
15 yards; but, whatever the length may be, all the rods 
should be exactly of the same length, so that a spare rod 
will fit any place. The safe load for the rods is 5 cwts. 
per square inch, but as the weight required on the spear 
usually is very great, a much larger margin is consequently 
given. 

The length of tiie spears should be carefully half-lapped 
and held firmly together at the joints by strong wrought- 
iron plates,technically called " strapping-plates," bolted 
through the timbers by strong bolts. 

The bolts for small wood spears are usually made cup- 
headed and have square nuts; for large spears square 
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heads and niits. The holes in the strapping-plates should 
be square, and the bolts square under the heads. 

Sometimes cast-iron strapping-plates are used, where 
weight is required, instead of wrought-iron ; for this 
purpose the plates are arranged so that the bolts pass 
outside the timber, the rod thus retaining its strength 
throughout. 

Ofttimes in practice two wrought-iron plates are used ; 
this is decidedly bad, for it only ensures rigidity one way. 
The best method is to have one plate on each side of the 
rod, although it weakens the rod by the cross-holes for 
the bolts ; but as the rods usually are much larger than 
is necessary, it need not be taken into consideration. 

The spear rods are usually at intervals guided by 
frames or cross-pieces secured to the sides of the pit shaft ; 
sometimes cast-iron guides are used ; in either case the 
spears, where they pass through the guides, should be 
cased by hard wood, well greased, to prevent the wear 
caused by friction. 

In mines and coal-pits the water is usually raised in 
stages — that is, a pump, generally of the bucket-type, is 
fixed at the bottom, thus delivering the water to a tank or 
cistern, made of wood or iron, in which a plunger pump 
is fixed, drawing or sucking the water from the tank ; 
this forces the water between 40 to 50 yards into another 
tank, and so on to the top of the pit or shaft. 

Originally there was a long spear of wood from each 
pump, reaching to the top, where they were joined into 
one main rod ; but now there is only one main rod used, 
to which all the plunger poles and the bucket rod are 
secured by " set-offs." 

The deep well pump rods are made of solid wrought- 
iron, as a rule, and the part which is in contact with the 
water is made of gun-metah Miintz metal, or copper. 
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Hollow tubes of wrought-iron have been introduced 
during ihe last few years, the author believes that they 
were originally used in America. They are frequently 
used in the colonies on account of their Hghtness. 

In some cases the hollow tube is used as the rising 
main, in which case it is made of cast-iron or wrought- 
iroD, according to the size of the pump; the latter is 
preferable. This arrangement is illustrated in Fig. 1 33, 
and fully described on page 166. 

The different arrangements of wooden spears are 
obviously very expensive and cumbersome, taking up a 
very large space in the pit shaft. Many plans have been 
devised and tried to do away with them, having more or 
less merit, and all of them open to objections. 

One plan is to have the engine and boiler underground, 
simply having the delivery pipe from the pump carried up 
the shaft. The objections to this system are : that, in the 
case of metalliferous mines the coal has to be taken down 
the shaft into the workings, and utter failure may result 
at a most critical time, as for instance, when a great and 
sudden influx of water or an outburst of gas occurs and 
the men are driven out of the mine or pit. 

Another plan, which is now very frequently adopted, is 
to place the boiler at the top of the shaft and the pump- 
ing engine underground. This system is not without its 
faults. There being, of course, only two pipes in the shaft, 
the size of the shaft can, when new shafts are sunk, be 
made of a less size, consequently reducing the first cost 
materially ; these pipes being one for steam and one the 
rising main from the pump to the surface of the pit top or 
an adit. The objections are the reduction of the steam 
pressure through condensation of the steam in the pipes 
going down the shaft ; also the heat from the steam pipes, 
which in small workings becomes very great. This 
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system is of course also open to the objection that the 
steam engine cannot work very economically under water 
in case of a sudden inbnrst of water. 

To prevent this latter objection, hydraulic engines have 
been fixed at the bottom of the working, and a steam 
engine placed a distance, say 50 to 100 feet, from the 
bot^.om of the shaft. 

Another system, invented and patented in the year 1872 
by Mr. G. G. Andr^e, was introduced as a substitute for 
the rods, and from experiments have proved successful. 
It consists in transmitting the force developed by the 
wAter at surface to the pumps at the bottom of the mine 
through columns of water. There is, of course, nothing 
new in the principle of this system. The perfect manner 
in which force may be transmitted through pipes filled 
with water has been demonstrated by the well-known 
hydraulic machinery, which owes its origin to the inven- 
tive genius of Mr. Joseph Bramah and Sir William 
Armstrong, in which the employment of a column of 
water constitutes an essential feature. 

Mr. Andree's system consists of two pipes filled with 
water going side by side down the shaft or well, connected 
at the top by a motor-cylinder. When the piston in the 
latter is moved one way water-pressure is conveyed down 
one pipe, in the opposite direction down the other pipe. 
Or one pipe may be connected to its motor cylinder, the 
pistons on the latter being worked in opposite directions. 
Underground the two pipes are connected to a pump 
having two pistons. 

A great difficulty was at first found to exist in this 
system, namely, to keep the pressure pipes quite full of 
water, and also to preserve an equality in each of the 
pressxire cylinders ; this difficulty has been overcome by 
having the motor cylinder in constant communication 
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with a reservoir cylinder through a pipe. The pipes are 
provided with valves or cocks, worked by hand, for the 
purpose of cutting oflF the communication when necessary. 
A ram or piston works in the reservoir-cylinder through 
a stuffing-box^ and is loaded to the proper pressure per 
square inch which has been found requisite to work 
the pump, the weight being suspended from a cross-head 
by rods. As the water in the motor-cylinder is in 
constant communication with that in the reservoir, any 
leakage that may occur in the pressure-pipe or the pumps 
is instantly replaced. Consequently the pipes must be 
always full ; and as no inequalities can possibly occur, the 
rams in the cylinders cannot be displaced. 

Several improvements on this system have been intro- 
duced into this countay within the last few years, by 
Mr. Balf Moore, of Glasgow, being the inventions of 
Mr. Joseph Moore, of San Francisco. 

The pump rods for direct-acting steam pumps are 
usually made of mild piston-rod steel, but when the pump 
is used for raising salt water, treacle, and malt liquor, 
they are made of Miintz metal, gun-metal, or phosphor 
bronze ; the latter is also frequently used for direct-acting 
mine pumps, and in many cases, as at Whamcliffe 
Colliery, near Sheffield, the water is so bad that even 
the phosphor bronze is corroded away in a very short 
time. 

For direct-acting steam pumps used for pumping 
treacle or other thick fluids, the distance between the 
steam and pump cylinders should be such that the part of 
the rod that enters the pump cylinder shall never enter 
the steam cylinder. 
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Air-vessels. 

The air-vessel is a chamber of cast-iron, wrought-iron, 
steel, or copper, provided to maintain a constant flow, to 
increase the efficiency of a pump. A single-acting pump, 
for instance, loses power in consequence of the piston 
having to set the superincumbent column of water in 
motion at each stroke. A double-acting pump is in this 
respect similar to a single-acting pump, but in a three-throw 
pump the flow is continuous ; so also are the continuous 
flow and properly constructed duplex pumps, where, for 
this purpose at least, an air-vessel is superfluous. 

A more important use of a reservoir of air is to relieve 
the pressure, and so prevent shocks. The air-vessel 
possesses the serious defect of requiring, in some cases 
constant, in others frequent replenishing, in consequence 
of absorption of the air by the water. The rapidity with 
which the air is exhausted in the vessel depends on the 
pressure to which it is subjected ; the greater the pressure 
the sooner the air is absorbed. In consequence, an air- 
vessel cannot be applied at all when the pressure is very 
great, as in the case of high lifts in collieries and mines, 
or for working hydraulic machinery ; in the latter case the 
accumulator and treble-barrel or duplex pumps are the 
remedies. 

In America the absorption of air is prevented by having 
a closed rubber bag filled with air, which will have all the 
elasticity of the air space, without being liable to lose its 
cushion power. This arrangement was patented in 
England, in the year 1861, by Messrs. M. and E. M. 
Merryweather. 

A good apparatus for supplying air to the vessel was 
patented by Messrs. Wipperman and Lewis ; it consists of 
a cylindrical vessel, which has no working parts, the water 
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itself formiog the piston ; at the bottom of the chamber is 
a small pipe, fitted with a regnlating cock, which is 
attached to the pump valve-box, immediately below the 
delivery valve ; at the top of the vessel is fitted a small 
gun-metal valve-box, fitted with inlet and outlet air 
valves, and from this a delivery pipe communicates 
directly to the air-vessel. The action of the apparatus is 
as follows, viz. : — ^when the main pump dray^s its water it 
will partly empty the vessel, the amount being indicated 
by a gauge and regulated to a nicety by the cock ; on the 
return stroke of the plunger pump, the whole of the air 
drawn into the vessel is sure to be delivered into the air- 
vessel, because the pressure in the main pump when 
delivering is in all cases greater than on the suction side. 

Another apparatus for charging large air-vessels with 
air is used at Exeter waterworks. In this case the air- 
vessel is divided into two parts horizontally by a 
diaphragm. The bottom part is furnished with a blow- 
off cock. A pipe fitted with a wheel-valve is furnished, 
putting the bottom part of the top chamber in communi- 
cation with the bottom part of the bottom chamber. 
Another pipe forms a connection between the top part of 
the upper chamber and the top part of the lower chamber. 
This latter pipe is furnished with a wheel-valve for 
closing the communication between the two chambers, 
and below the valve is fixed, in the same pipe, a small 
valve communicating with the open air. 

To charge the vessel with air, proceed in the following 
manner : — 

Open the small valve communicating with the open air 
and the blow-off cock at the bottom chamber, to empty it 
of water and fill it with air. 

Close the air cock and the blow-off cock. 

Open the valve which is fitted in the pipe communi- 
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cation between the bottom of the top cbamber and the 
bottom of the lower chamber, which causes the water to 
enter the bottom chamber from the top chamber. 

Then open the valve on the pipe communicating 
between the top of the top chamber and the top of the 
lower chamber, which allow the air in the lower chamber 
to rise into the top of the upper chamber. This being 
effected, close all the cocks. 

There are several distinct types of air-vessels. 

One consists of a large cylinder contracted at each end 
to the diameter of the rising main or delivery pipe, and 
having a pipe inserted for the delivery of the water. 
This pipe is brought nearly to the bottom of the chamber, 
leaving an annular space in which the air is compressed ; 
this pipe is named the " dip " pipe. This plan is not to 
be advocated, because the air, rising in the most direct 
way, allows very little of it to rise into the annular space. 
When the dip-pipe arrangement is used, the delivery from 
the pump ought to be admitted about half-way up the 
vessel — not at the bottom, which is the usual practice. 

Another type of air-vessel usually fitted to direct-acting 
stecun pumps and pumping engines, consists of a large 
pipe with a semi-circular top ; the bottom is contracted, 
and provided with the inlet and outlet branches. 

A third type consists of a large dished or hemispherical 
topped vessel, provided with a branch at the bottom and 
another on the side, or one on each side near the bottom. 
These air-vessels are generally made completely of cast- 
iron. Sometimes the base or bottom part is of cast-iron 
and the vessel proper of wrought iron or steel plates, 
riveted or welded together in the seams. 

In some instances the air-vessel is made double — ^the 
lower part serving as a suction or vacuum vessel, con- 
nected by a branch to the suction-pi^^e ; the upper part 
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forms the delivery, or air-vessel proper. This is a very 
convenient arrangement when space is limited. 

Elastic air-vessels are frequently used in Germany and 
France: of these there are three types, one consisting 
simply of an indiarubber tube, secured to the delivery 
branch on the pump and the delivery pipe or rising main 
by brass couplings. 

Another consists of two pipes, one having one end 
blocked up and sliding inside the other. Both cylinders 
are provided with strong rugs, over which are stretched 
indiarubber rings or bands strong enough to resist the 
greatest water pressure against which the pump has to 
work. 

The last of this class of air-vessels consists of an india- 
rubber balloon, working against a shield, which latter 
determines the expansion of the air vessel. 

Pipes. 

Pipes are a very impoi*tant item in a pumping plant 
and very frequently a very serious outlay, and ought, 
therefore, to receive a great share of attention. 

The ancients, as far as we know, used very few pipes, 
they generally made culverts of brick or cement. They 
sometimes used lead pipes, but of a very small diameter 
only, because on account of the imperfect manner in 
which they were made, they could not resist any great 
strain. These pipes were made of long strips bent 
cylindrical and joined at the edges. 

As we have previously seen, on page 7, the pipes for 
the first London waterworks were made of lead. 

At Bethlehem Waterworks, in America, they were made 
of hemlock logs bored out. In 1762 the force mains were 
of gum wood, and the distributing pipes of pitch-pine — the 
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latter had to be renewed in 1769. In 1786 lead pipes 
were substituted for the gum- wood force mains and most 
distributing pipes. The last pitch-pine pipes were 
abandoned in 1791. In 1874 the wooden conduit from 
the spring to the pump house was replaced by an 18-inch 
iron pipe. It was not until about 1810 cast-iron pipes 
were introduced in America. 

In Cornwall we find them busy making wood wind- 
bores for their pu raps in 1798. 

Now of course cast-iron is mostly used for large pipes, 
and wrought-iron and lead for smaller pipes, although a 
short time ago, an American firm obtained a large order 
for large pipes made of strips of wood, on account of the 
lightness, they being required for transportation. 

The usual manner in which the large wrought-iron 
pipes are made is to have a straight longitudinal riveted 
joint or seam, but an American firm (the " Abendroth 
and Eoot Manufacturing Company," New York) make 
wrought-iron pipes with the seam spiral, by that means 
strengthening the pipe. 

To prevent corrosion in the pump " trees " and rising 
main in Cornwall, they are made larger in diameter and 
lined with staves of wood fitted with great care, otherwise 
the cast-iron pipes will soon be eaten away by the corro- 
sive action of the acid contained in the water. The 
staves are put round the interior of the pipe, a narrow 
space being left between the first and the last stave ; into 
this space are driven two wedge-shaped pieces, one driven 
in from each end of the pipe. 

A good plaa to prevent corrosion is to heat the pipe by 
steam, the^oating it with melted pitch, both inside and 
outside. 

Another method is to use Dr. Angus Smith's process, 
which is as follows: — The pipe must be thoroughly 
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cleaned from monld, sand, and mst, heated to abont 
700 degrees Fahr., then dipped vertically into a mixture 
of coal tar, pitch, linseed oil (5 to 6 per cent.), and rosin, 
heated to about 300 degrees Fahr., and allowed to remain 
until the iron acquires the temperature of 300 degrees 
Fahr., when they are gradually withdrawn and allowed 
to cool in a vertical position. 

To prove what effect corrosion in pipes has upon the 
friction of the water, it is stated, in " Spon's Dictionary of 
Engineering," that Darcy's experiments showed that the 
effect of corrosion was to double the friction, consequently 
it will be necessary in the case of corroded pipes to 
double the head due to friction found by formulas. A 
case is recorded as having occurred at Torquay, where a 
main about 14 miles long, composed oi 14267 yards of 
10-inch, 10085 yards of 9-inch, and 172 yards of 8-inch 
pipe, delivered only 317 gallons a minute with 465 feet 
head. An ingenious scraper, worked by the pressure of 
the water, was passed several times through the pipes, 
the result being a discharge of 634 gallons. 

Besides the loss of power by friction, there is the loss 
by change of direction, through elbows and bends. The 
less the angle and the larger the radius, the less loss of 
power. 

To the head due to friction and to the resistance offered 
by bends must be added the head due to the velocity of 
entry. In long mains this quantity is so small a propor- 
tion of that due to friction that it may be neglected 
without sensible error ; but in short pipes it may be much 
greater than the head due to friction, and, therefore, in 
such cases it cannot, of course, be neglected. 
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considerably enlarged, in waistcoat-pocket size (2f in. by 2 in.), roan, 
gilt edges, is. 

Experimental Science. — Experimental Science: 

Elementary, Practical, and Experimental Physics. By Geo. M. Hopkins. 
Illustrated by 890 engravings, 840 pp., 8vo, cloth, its. 

Factories. — Our Factories, Workshops, and Ware- 
houses: their Sanitary and Fire- Resisting Arrangements. By B. H. 
Thwaitb, Assoc. Mem. Inst. C.E. With 183 wood engravings, crown 
8vo, cloth, 91. 

Foundations. — Notes on Cylinder Bridge Piers 

and the Well System of Foundations. By John Newman, Assoc. M. 
Inst. C.E., 8vo, cloth, 6j. 

Founding. — A Practical Treatise on Casting and 

Founding, including descriptions of the modem machinery employed in 
the art By N. E. Spretson, Engineer. Fifth edition, with 82 plates 
drawn to scale, 412 pp., demy Svo, cloth, i&r. 
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Founding. — American Foundry Practice: Treat- 
ing of Loam, Dry Sand, and Green Sand Moulding, and containing a 
Practical Treatise upon the Management of Cupolas, and the Melting of 
Iron. By T. D. West, Practical Iron Moulder and Foundry Foreman. 
Second edition, with numerous illustrations^ crown 8vo, doth, I2J. dd, 

French Polishing. — The French - Polishers 

Manual. By a French-Polisher; containing Timber Staining, Washing, 
Matching, Improving, Painting, Imitations, Directions for Staining, 
Sizing, Embodying, Smoothing, Spirit Varnishing, French-Polishing, 
Directions for Repolishing. Third edition, royal 32mo, sewed, td. 

Furnaces. — Practical Hints on the Working and 

Construction of Regenerator Furnaces^ being an Explanatory Treatise on 
the System of Gaseous Firing applicable to Retort Settings in Gas 
Works. By MAURICE .Graham, Assoc. Mem. Inst. C.E. Cuts^ 8vo, 
cloth. 

Gas Analysis. — The Gas Engineers' Laboratory 

Handbook, By John Hornby, F.I.C., Honours Medallist in Gas 
Manipulation, City and Guilds of London Institute. Numerous illus- 
trations, crown 8vo, cloth, 6s, 

Contents : 

The Balance — ^Weights and Weighing — Sampling— Mechanical Division — Drying and 
Desiccation — Solution and Evaporation — Precipitation — Filtration and Treatment of 
Precipitates — Simple Gravimetric Kstimations — Volumetric Analyses— Special Analyses 
required by Gas Works— Technical Gas Analysis— Gas Referees' Instructions, etc. etc 

Gas Engines. — Gas and Petroleum Engines: a 

Practical Treatise on the Internal Combustion Engine. By Wm. Robin- 
son, M.E., Senior Demonstrator and Lecturer on Applied Mechanics, 
Physics, &c.. City and Guilds of London College, Finsbury, Assoc. Mem. 
Inst. C.E., &c. Numerous illustrations, 8vo, cloth, I4r. 

Gas Engineering. — Manual for Gas Engineering 

Students, By D. Lee. i8mo, cloth, \s. 

Gas Works. — Gas Works: their Arrangement, 

Construction, Plant, and Machinery. By F. Colyer, M. Inst. C.E. 
With ^i folding plates^ 8vo, cloth, lis. 6d, 

Gold Mining. — Practical Gold-Mining : a Com- 
prehensive Treatise on the Origin and Occurrence of Gold-bearing Gravels, 
Rocks and Ores, and the Methods by which the Gold is extracted. By 
C. G. Warnford Lock, co- Author of * Gold : its Occurrence and Extrac- 
tion.' With 8 plates and 275 engravings in the text^ 788 pp., royal 8vo, 
cloth, 2/. 2s, 

Graphic Statics. — The Elements of Graphic Statics. 

By Professor Karl Von Ott, translated from the German by G. S. 
Clarke, Capt R.E., Instructor in Mechanical Drawing, Royal Indian 
Engineering College. IVUh 93 illustrations^ crown 8vo, doth, %s. 
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Graphic Statics. — The Principles oj Graphic 

Statics, By George Sydenham Clarke, Capt. Royal Engineers. 
With 112 illustrations. Second edition, 4to, cloth, 12s, 6d, 

Graphic Statics. — Mechanical Graphics. A 

Second Course of Mechanical Drawing. With Preface by Prof. Perry, 
B.Sc, F.R.S. Arranged for use in Technical and Science and Art Insti- 
tutes, Schools and Colleges, by George Halliday, Whitworth Scholar. 
With illustrations, 8vo, doth, 6j. 

Graphic Statics. — A New Method of Graphic 

Statics, applied in the construction of Wrought-Iron Girders, practically 
illustrated by a series of Working Drawings of modem type. By 
Edmund Olander, of the Great Western Railway, Assoc Mem. Inst. 
C.E. Small folio, cloth, lor. td. 

Heat Kngine. — Theory and Construction of a 

Natural Heat Motor, Translated from the German of Rudolf Diesel 
by Bryan Donkin, Mem. Inst. C.E. Numerous cuts and plates, 8vo, 
cloth, 6^. 

Hot Water. — Hot Water Supply: a Practical 

Treatise upon tlie Fitting of Circulating Apparatus in connection with 
Kitchen Range and other Boilers, to supply Hot Water for Domestic and 
General Purposes. With a Chapter upon Estimating. By F. Dye. 
With illustrations, crown 8vo, cloth, 3^. 

Hot Water. — Hot Water Apparatus: an Ele- 
mentary Guide for the Fitting and Fixing of Boilers and Apparatus for 
the Circulation of Hot Water for Heating and for Domestic Supply, and 
containing a Chapter upon Boilers and Fittings for Steam Cooking. By 
F. Dye. 32 illustrations, fcap. 8vo, cloth, \s, 6d, 

Household Manual. — Spons Houselwld Manual : 

a Treasury of Domestic Receipts and Guide for Home Management. 
Demy 8vo, cloth, containing 975 pages and 250 illustrations, price is, 6d, 

Principal Contents ; 

Hints for selecting a good House— Sanitation— Water Supply — ^Ventilation and Warming 
— Lighting — Furniture and Decoration — ^Thieves and Fire — Ihe Larder — Curing Foods for 
lengthened Preservation— The Dairy— The Cellai^-The Pantry— The Kitchen— Receipts for 
Dishes— The Housewife's Room — Housekeeping, Marketing — The Dining-Room — ^The 
Drawing-Room — The Bedroom — The Nursery — The Sick-Room — The Bath- Room— The 
Laundry — The School-Room — ^I'he Playground — The Work-Room — ^Thc Library — The 
Garden — ^The Farmyard — Small Motors — Household Law. 

House Hunting. — Practical Hints on Taking a 

House, By H. Percy Boulnois, Mem. Inst. C.E., City Engineer, 
Liverpool, Author of *The Municipal and Sanitary Engineer's Hand- 
book,' * Dirty Dustbins and Sloppy Streets,* &c. iSmo, doth, is, 6d. 

Hydraulics. — Simple Hydraulic FormulcE. By 

T. W. Stone, C.E., late Resident District Engineer, Victoria Water 
Supply. Crown 8vo, cloth, 4^. 
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Hydraulic yLs^chm^ty .— Hydraulic Steam and 

Hand-Power ZJfting and Pressing Machinery. By Frederick Colyer, 
M. Inst C.E., M. Inst M.£. Second edition, revised and enlarged. IVith 
2^& plates, 8vo, doth, 2&r. 

Hydropathic Establishments. — The Hydro- 

pathic Establishment and its Baths, By R. O. Allsop, Architect. 
Author of * The Turkish Bath.' Illustrated with plates and sections , 8vo, 
cloth, 5j. Contents : 

General Considerations— Requirements of the Hydropathic Establishment — Some existing 
Institutions — Baths and Treatments and the arrangement of the Bath-House — Vapour Baths 
and the Russian Bath — ^The Douche Room and its appliances — Massage and Electrical 
Treatment— Pulverisation and the Mont Dore Cure — Inhalation and the Pine Cure — ^The 
Sun Bath. 

Hydraulic Motors. — Water or Hydraulic Motors. 

By Philip R, Bjorling. With 206 illustrations , crown 8vo, cloth, 9/. 

Contents : 

I. Introduction — a. Hydraulics relating to Water Motors^3. Water-wheels^4. Breast 
[ Water-wheels— 5. Overshot and High-breast Water-wheels — 6. Pelton Water-wheels— 7. 

General Remarks on Water-wheels — 8. Turbines— 9. Outward-flow Turbines — 10. Inward- 
flow Turbines— II. Mixed-flow Turbines— la. Parallel-flow Turbines— 13. Circumferential- 
flow Turbines — 14. Regulation of Turbines — 15. Details of Turbines— 16. Water-pressure or 
Hydraulic Engines — 17. Reciprocating Water-pressure Engines— 18. Rotative Water- 
pressure Engines — xo. Oscillating Water-pressure Engines — 20. Rotary Water- pressure 
JBngines — 21. General Remarks and Rules for Water-pressure Engines — 22. Hydraulic Rams 
—23. Hydraulic Rams without Air Vessel in Direct Communication with the Drive Pipe— 
34. Hydraulic Rams with Air Vessel in Direct Communication with the Drive Pipe — 35. 
Hydraulic Pumping Rams— 26. Hydraulic Ram Engines — 37. Details of Hydraulic Rams — 
38. Rules, Formulas, and Tables for Hydraulic Raums— 39. Measuring Water in a Stream 
and over a Weir^Index. 

Indicator. — Twenty Years with the Indicator. By 

Thomas Pray, Jun., C.E., M.E., Member of the American Society of 
Civil Engineers. With illustrations, royal 8vo, cloth, I2x* dd. 

Indicator. — A Treatise on the Richards Steam- 

Engine Indicator and the Development and Application of Force in the 
Steam- Engine. By Charles T. Porter. With illustrations. Fourth 
edition, revised and enlarged, 8vo, cloth, 9^. 

Induction Coils. — Induction Coils and Coil 

Making : a Treatise on the Construction and Working of Shock, Medical 
and Spark Coils. By F. C. Allsop. With 118 illustrations^ crown 8vo, 
cloth, 31. (id. 

Iron. — The Mechanical and other Properties of Iron 

and Steel in conftection with their Chemical Composition, By A. VOSMAER, 
Engineer. Crown 8vo, doth, 6s. 

Contents : 

The metallurgical behaviour of Carbon with Iron and Steel, also Manganese — Silicon— 
. Phosphorus — Sulphur — Copper— Chromium — Titanium— Tungsten^Aluminium— Nidcel— 
Cobalt— Arsenic— Analyses of Iron and Steel, &c. 
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Iron Manufacture. — Roll-Tuming for Sections in 

Steel and Irotty working drawings for Rails, Sleepers, Girders, Bulbs, 
Ties, Angles, &c, also Blooming and Cogging for Plates and Billets. 
By Adam Spencer. Second edition, with 78 large plates. Illustrations 
of nearly every class of work in this Industry. 4to, cloth, i/. loj. 

Lfime and Cement. — A Manual of Lime and 

Cement^ their treatment and use in construction. By A. H. Heath. 
Crown 8vo, cloth, 6j. 

Lfiquid Fuel. — Liquid Fuel for Mechanical and 

Industrial Purposes, Compiled by E. A. Brayley Hodgetts. With 
wood engravings, 8vo, clolii, 5j. 

Magneto Hand Telephone. — The Magneto 

Hand Telephone, Its construction, fitting-up, and adaptability to every- 
day use. By Norman Hughes. Cuts^ i2mo, cloth, jx. 6</. 

Mechanics. — The Essential Elements of Practical 

Mechanics, based on the principle of work ; designed for Engineering 
Students. By Oliver Byrne, formerly Professor of Mathematics, 
College for Civil Engineers. Fourth edition, illustrated by numerous 
wood engrawngs, post ovo, cloth, *js, 6d, 

Mechanical Engineering. — Handbook for Me- 
chanical Engineers, By Henry Adams, Professor of Engineering at 
the City of London College, Mem. Inst. C.E., Mem. Inst. M.E., &c. 
Second edition, revised and enlarged. Crown 8vo, cloth, 6x. 

Contents : 

Fundamental Principles of Mechanics — ^Varieties and Properties of Materials — ^Stren^h 
of Materials and Structures— Pattern Making; — Moulding and Founding— Forging, Welding 
and Riveting— Workshop Tools and General Machinery—'! ransmission of Power, Friction 
and Lubrication— ^Thermodynamics and Steam — Steam Boilers— The Steam Engine— Hy- 
draulic Machinery— Electrical Engineering — Sundry Notes and Tables. 

Mechanical Engineering. — The Mechanician: 

a Treatise on the Construction and Manipulation of Tools, for the use and 
instruction of Young Engineers and Scientific Amateurs, comprising the 
Arts of Blacksmithing and Forging ; the Construction and Manufacture 
of Hand Tools, and the various Methods of Using and Grinding them ; 
description of Hand and Machine Processes ; Turning and Screw Cutting. 
By Cameron Knight, Engineer. Containing 1147 illustrations^ and 
397 pag^s of letter-press. Fourth edition, 4to, cloth, \%s. 

Mechanical Movements. — The Engineers^ Sketch- 

Book of Mechanical Movements, Devices, Appliances, Contrivances, Details 
employed in the Design and Construction of Machinery for every purpose. 
Collected from numerous Sources and from Actual Work. Classified and 
Arranged for Reference. Nearly 2000 Illustrations, By T. W. Barber, 
Engineer. Second edition, 8vo, cloth, 7^. 6^/. 
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Metal Plate ^^oxY.— Metal Plate Work: its 

Patterns and their Geometry, Also Notes on Metals and Rules in Men- 
suration for the use of Tin, Iron, and Zinc Plate-workers, Coppersmiths, 
Boiler-makers and Plumbers. By C. T. MiLLis, M.I.M.E. Second 
edition, considerably enlarged. With numerous illustrations. Crown 
8vo, cloth, 9J^ 

Metrical Tables. — Metrical Tables. By Sir G. L. 

MoLESWORTH, M.I.C.E. 32mo, cloth, ij. (id. 

Mill-Gearing. — A Practical Treatise on Mill- Gear- 
ings Wheels, Shafts, Riggers, etc, ; for the use of Engineers. By Thomas 
Box. Third edition, with ii plates. Crown 8vo, cloth, 7j. 6d, 

Mill - Gearing. — The Practical Millwright and 

Engineer's Ready Reckoner^ or Tables for finding the diameter and power 
of cog-wheels, diameter, weight, and power of shafts, diameter and 
strength of bolts, etc By Thomas Dixon. Fourth edition, i2mo, 
doth, 3x. 

Miners' Pocket-Book. — Miners Pocket-Book ; a 

Reference Book for Miners, Mine Surveyors, Geologists, Mineralogists, 
Millmen, Assayers, Metallurgists, and Metal Merchants all over the 
world. By C. G. Warnford Lock, author of * Practical Gold Mining,' 
* Mining and Ore-Dressing Machinery,* &c. Fcap. 8vo, roan, gilt edges^ 
I2J. dd. Contents : 

Motive Powers— Dams and Reservoirs — ^Transmitting Power— Weights and Measures- 
Prospecting — Boring — Drilling — Blasting— Explosives — Shaft Sinking — Pumping— Venti- 
lating — Lighting — Coal Cutting — Hauling and Hoisting — Water Softening — Stamp Batteries 
— Crushing Rolls — ^Jordan's Centrifugal Process — River Mining — Ore Dressing— Grold, Silver, - 
Copper Smelting— Treatment of Ores — Coal Cleaning— Mine Surveying — British Rocks- 
Geological Maps— Mineral Veins— Mining Methods — Coal Seams — Minerals— Precious 
Stones — Metals and Metallic Ores — Metalliferous Minerals— Assaying — Glossary— List of 
Useful Books — Index, &c., &c., &c. 

Mining and Ore-Dressing Machinery. — By 

C. G. Warnford Lock, Author of * Practical Gold Mining.' Numerous 
illustrations, super-royal 4to, cloth, 25^. 

Mining Machinery. — Mining Machinery : a 

Descriptive Treatise on the Machinery, Tools, and other Appliances used 
in Mining. By G. G. Andr^, F.G.S., Assoc. Inst C.E., Mem. of the 
Society of Engineers. Royal 4to, uniform with the Author's Treatise 
on Coal Mining, containing 1S2 j^lates, accurately drawn to scale, with 
descriptive text, in 2 vols., cloth, 3/. 12s, 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation— Pumping — 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin and Lead, Irov, 
Coal, Sulphur, China Clay, Brick Earth, etc. 
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Municipal Engineering. — The Municipal and 

Sanitary Engineer's Handbook, By H. PERCY BOULNOIS, Mem. Inst. 
C.E., Borough Engineer, Portsmouth. With numerous illustrations. 
Second edition, demy 8vo, cloth, 15^. 

Contents : 

The Appointment and Duties of the ToMm Surveyor — ^Traffic— Macadamised Roadways— 
Steam RoUmg— Road Metal and Breakiug — Pitched Pavements— Asphalte— Wood Pavements 
— Footpaths— Kerbs and Gutters— Street Naming and Numbering— Street Lighting — Sewer- 
age — Ventilation of Sewers — Disposal of Sewage— House Drainage — Disinfection— Gas and 
Water Comi>anies, etc.. Breaking up Streets — Improvement of Private Streets — Borrowing 
Powers^Artizans' and I^boureBs' Dwellings— Public Conveniences— Scavenging, including 
Street Cleansing— Watering and the Removing of Snow— Planting Street Trees — Deposit of 
Plans— Dangerous Buildings— Hoardings— Obstructions— Improvms Street Lines — Cellar 
Openings — Public Pleasure Grounds— Cemeteries — Mortuaries — Cattle and Ordinary Markets 
—Public Slaughter-houses, etc.— Giving numerous Forms of Notices, Specifications,- and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 

Paints. — Pigments^ Paint and Painting. A 

Practical Book for Practical Men. By George Terry. With illus- 
trations^ crown 8vo, cloth, is, td. 

Paper Manufacture. — A Text-J^ook of Paper- 
Making, By C. F. Cross and E. J. Bevan. With engravin^s^ crown 
8vo, cloth, I2J. (id. 

Perfumery. — Perfumes and t/ieir Preparation^ con- 

tainining complete directions for making Handkerchief Perfumes, 
Smelling Salts, Sachets, Fumigating Pastils, Preparations for the care of 
the Skin, the Mouth, the Hair, and other Toilet articles, with a detailed 
description of aromatic substances, their nature, tests of purity, and 
wholesale manufacture. By G. W. ASKINSON, Dr. Chem. With 32 
engravings^ 8vo, cloth, 12s, 6d, 

Perspective. Perspective^ Explained and Illus- 
trated, By G. S. Clarke, Capt R.E. With illustrations^ 8vo, cloth, 
y, td. 

Petroleum. — The Marine Transport of Petroleum. 

A Book for the use of Shipowners, Shipbuilders, Underwriters, Mer- 
chants, Captains and Officers of Petroleum-carrying Vessels. By G. H. 
Little, Editor of the * Liverpool Journal of Commerce.' Crown 8vo, 

cloth, IQT. td. 

Phonograph. — The Phonography and How to Con- 
struct it. With a Chapter on Sound. By W. Gillett. With engravings 
and full working drawings^ crown 8vo^ cloth, 5j. 
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Pharmacy. — A Pocket-book for Pharmacists^ Medi- 
cal Practutoners^ Stitdmis, etc,^ etc. {British^ Colonial^ and American), By 
Thomas Bayley, Assoc. R. Coll. of Science, Consulting Chemist, 
Analyst, and Assayer, Author of a * Pocket-book for Chemists/ *The 
Assay and Analysis of Iron and Steel, Iron Ores, and Fuel,' etc., etc 
Royal 32mo, boards, gilt edges, dr. 

Plumbing. — Plumbing, Drainage, Water Supply 

and Hot Water Fitting, By John Smeaton, C.E., M.S.A., R.P., 
Examiner to the Worshipful Plumbers* Company. Numerous engravings, 
8vo, cloth, 7j. dd. 

Pumiping Engines. — Practical Handbook on 

Direct-acting Pumping Engine and Steam Pump Construction, By 
Philip R. Bj<Jrling. With 20 plates, "crown 8vo, cloth, 5/. 

Pumps. — A Practical Handbook on Pump Con-- 

struction. By Philip R. Bjorling. Plates, crown 8vo, cloth, $s. 

Contents: 

Principle of the action of a Pump — Classification of Pumps — Description of various 
classes of Pumps — Remarks on de^ig;ning Pumps^-Materials Pumps should be made of for 
different kinds of Liquids — Description of various classes of Pump^valves— Materials Pump - 
valves should be made of for different kinds of Liquids— Various Classes of Pumi>*buckets— 
On designing Pump-buckets — Various Classes of Pump-pistons— Cup-leathers— Air^esscls— 
Rules and Formulas, &c., &c. 

Pumps. — Pump Details, With 278 illustrations. 

By Philip R. Bjorling, author of a Practical Handbook on Pump 
Construction. Crown 8vo, cloth, 7j. 6</. 

. Contents : 

' Windbores — Foot- valves and Strainers— Clack-pieces, Bucket-door*pieces, and H "pieces 
Working-barrels and Plunger-cases — Plungers or Rams — Piston and Flunger, Bucket and 
Plunger, Buckets and Valves — Pump-rods and Spears, Spear-rod Guides, &c. — Valve-swords, 
Spindles, and Draw-hooks— ^Set-offs or Off-sets — Pipes, Pipe-joints, and Pipe-stays— Pump- 
slings — Guide-rods and Guides, Kites, Yokes, and Connecting-rod^- L Bobs, T Bobs, 
Angle or V Bobs, and Balance-beams, Kock-arms, and Fend-off Beams, Cisterns, and Tanks 
—Minor Details. 

Pumps. — Pumps and Pumping Machinery. By 

F. COLYER, Mem. Inst. C.E., Mem. Inst. M.E. Part I., second edition, 
revised and enlarged, with 50 plates, 8vo, cloth, i/. &r. 

Contents : 

Three-throw Lift and Well Pumps— Tonkin's Patent •* Cornish " Steam Pump— Thome- 
will and Warham*s Steam Pump— Water Valves — Water Meters — Centrifiigal Pumping 
Machinery — Airy and Anderson's Spiral Pumps — Blowing Engines — ^Air Compressors— 
Horizontal High-pressure Engines — Horizontal Compound Engines— Reidler Engine— Ver- 
tical Compound i^imping Engines— Compound Beam Pumping Engines — Shonheyder's 
Patent Regulator — Cornish Beam Engines — ^Worthington High-^uty Pumping Engine^ 
Davy's Patent Differential Pumping Engine — Tonkin's Patent Pumping Engine— Lancashire 
Boiler— Babcock and Wilcox Water-tube Boilers. 
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Pumps. — PumpSy Historically ^ Theoretically ^ and 

Practically Considered, By P. R. BjoRLlNG. With 156 illustrations. 
Crown 8vo, cloth, *is, 6d, \ 

Quantities. — A Complete Set of Contract Documents 

for a Country Lodgi, comprising Drawings, Specifications, Dimensions 
(for quantities), Abstracts, Bill of Quantities, Form of Tender and Con- 
tract, with Notes by J. Leaning, printed in facsimile of the original 
documents, on single sheets fcap., in linen case, $s. 

Quantity Surveying. — Quantity Surveying. By 

J. Leaning. With 42 illustrations. Second edition, revised, crown 8vo, 
cloth, gs. 

Contents : 


A complete £x|daiiadon of the London 

Practice. 
General Instructions. 
Order of Taking Off. 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Warming, 
Credits, with various Examples of Treatment. 
Abbreviations. 
Squaring the Dimensions. 
Abstracting, with Examples in illustration of 

eachTnule. 
Billing. 

Examples of Preambles to eadi Trade. 
Form for a Bill of Quantities. 

Do. Bill of Credits. 

Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of BilL 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 


Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Specifications. 

Prices and Valuation of Work, with 

Examples and Remarks upon each Trade. 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the Old Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of " Taking Off" in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. 


Railway Curves. — Tables for Setting out Curves 

for Railways^ Canals^ Roads^ etc., varying from a radius of five chains 
to three miles. By A. Kennedy and R. W. Hack wood. Illustrated ^ 
32mo, cloth, 2J. 6d» 

Roads. — The Maintenance of Macadamised Roads. 

By T. CODRINGTON, M.I.C.E., F.G.S., General Superintendent of 
County Roads for South Wales. Second edition, 8vo, cloth, ^s, 6^. 

Safety Valve. — Safety Valves : their history, ante- 
cedents, invention, and calculation ; including the most recent examples of 
Weighted and Spring-loaded Valves, also showing the effect of Atmo- 
spheric Pressure on Safety Valve Discs, showing the curious phenomenon 
of Balls being sustained by an inclined current of Air ; Vacuum Valves, 
and their importance in heating and boiling. By W. B. Le Van. With 
69 engravings, fcap. 8vo, cloth, 6j. (yd. 
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Scamping Tricks. — Scamping Tricks and Odd 

Knowledge occasionally practised upon Public Works^ chronicled from the 
confessions of some old Practitioners. By John Newman, Assoc. M. 
Inst. C.E., author of ' Earthwork Slips and Subsidences upon Public 
Works,' * Notes on Concrete,* &c. Crown 8vo, cloth, 2^. 6d. 

Screw Cutting. — Turners Handbook on Screw 

Cuttings Coning^ etc, etc., with Tables, Examples, Gauges, and 
Form'.3ae. By Walter Price. Fcap. 8vo, cloth, is. 

Screw Cutting. — Screw Cutting Tables for En- 

gineers and Machinists^ giving the values of the different trains of Wheels 
I required to produce Screws of any pitch, calculated by Lord Lindsay, 

M.P. Oblong, cloth, zs. 

Screw Cutting. — Screw Cutting Tables^ for the 

use of Mechanical Engineers, showing the proper arrangement of Wheels 
witb; for cutting the Threads of Screws of any required pitch, with a Table for 

"^^ making the Universal Gas-pipe Threads and Taps. By W. A, Martin, 

Engineer. Second edition, oblong, cloth, is. 
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hods Slide Valve. — A Treatise on a Practical Method 

^ of Designing Slide- Valve Gears by Simple Geometrical Construction^ based 

upon the principles enunciated in Euclid's Elements, and comprising the 
dfr various forms of Plain Slide- Valve and Expansion Gearing ; together with 

^°°^ Stephenson's, Gooch's, and Allan's Link-Motions, as applied either to 

reversing or to variable expansion combinations. By Edward J. Cow- 
ling Welch, Mem. Inst. M.E. Grown 8vo, cloth, dr. 

ains Steam Boilers. — Steam Boilers^ their Manage- 

M tnent and Working on land and sea. By James Peattie. With 

illustrations y crown 8vo, cloth, ^s, 

1 Contents: 

* ' Water Combustion — Incrustation — Priming — Circulation — Fitting — Stiff for Steam — Soot 

01 and Scale effects— Feed — Blowing out— Changing Water — Scale Prevention — Expansion of 
Boilers— Latent Heat — Firing — Banking Fires— I'ube stopping— Concentration of Heat — 
Boiler Repairs — Explosions, &c., &c. 

^Qf Steam Kngine. — The Steam Engine considered ccs 

j^Q. a Thermodynamic Machine^ a treatise on the Thermodynamic efficiency 

^QQ ' of Steam Engines, illastrated by Tables, Diagrams, and Examples from 

^gs, Practice. By Jas. H. Cotterill, M.A., F.R.S., Professor of Applied 

y^}^, Mechanics in the Royal Naval College. Second edition, revised and 

enlarged, 8vo, cloth, 15J. 
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Steam Engine. — A Practical Treatise on the 

Steam Engine^ containing Plans and Arrangements of Details for Fixed 

Steam Engines, with Essays on the Principles involved in Design and 

Construction. By Arthur Rigg, Engineer, Member of the Society of 

Engineers and of the Royal Institution of Great Britain. Demy 4to, 

copiously illustrated with woodcuts and 103 plates^ in one Volume. 

Second edition, cloth, 25J. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into me wide 
tiomain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable,^ Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
ik«at Britain and America. The laws relating to the acdon and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-^gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of A|>plying the Indicator 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

Steam Engine. — Steam Engine Management ; a 

Treatise on the Working and Management of Steam Boilers. By F. 
CoLYER, M. Inst C.E., Mem. Inst. M.£. New edition, i8mo, doth, 
3^. dd. 

Steam Engine. — A Treatise on Modem Steam 

Engines and Boilers, including Land, Locomotive and Marine Engines 
and Boilers, for the use of Students. By Frederick Colyer, M. Inst. 
C.E., Mem. Inst M.E, IVith tjq plates, 4to, cloth, I2J. (id. 

Contents : 

z. Introduction — 3. Origin^ Engines — 3. Boilers — 4. Hi^h-Pressure Beam Engines — 5. 
Cornish Beam Engines — 6. Horizontal Engines— 7. Oscillatmg Engines — 8. Vertical High- 
Pressure Engines—^. Special Engines— zo. Portable Engines — zz. Locomotive Engines— 
xa. Marine Engines. 

Sugar. — A Handbook for Planters and Refiners ; 

being a comprehensive Treatise on the Culture of Sugar-yielding Plants, 
and on the Manufacture, Refining, and Analysis of Cane, Palm, Maple, 
Melon, Beet, Sorghum, Milk, and Starch Sugars ; with copious 
Statistics of their Production and Commerce, and a chapter on the 
Distillation of Rum. By C. G. Warnford Lock, F.L.S., &c. ; 
B. E. R. Newlands, F.C.S., F.I.C., Mem. Council Soc. Chemical 
Industry ; and J. A. R. Newlands, F.C.S., F.I.C. Upwards of 200 
illustrations and many plates^ 8vo, cloth, i/. lOj. 

Surveying. — A Practical Treatise on the Science of 

Land and Engineering Surveyings Levelling^ Estimating Quantities ^ etc,^ 
with a general description of the several Instruments required for Sur- 
veying, Levelling, Plotting, etc By H. S. Merrett. Fourth edition, 
revised by G. W. Usill, Assoc. Mem. Inst. C.E. 4I plcUes^ with illus- 
trations and tables s royal 8vo, cloth, I2j. (id. 
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Tables of Logarithms. — A B C Five-Figure 

Ijigarithms for general use. By C. J. Woodward, B.Sc. Containing 
Mantissse of numbers to 10,000. Log. Sines, Tangents, Cotangents, and 
Cosines to lO" of Arc. Together with full explanations and simple 
exercises showing use of the tibles. 4J. 

Tables of Squares. — Barlows Tables of Squares^ 

Cubes ^ Square Roots ^ Cube Roots ^ Reciprocals of all Integer Numbers up to 
io,ooa Post 8vo, cloth, dr. 

Telephones. — Telephones^ their Construction ana 

Fitting, By F. C. Allsop. Second edition, revised and enlarged. With 
210 illustrations. Crown 8vo, cloth, 51. 

Tobacco Cultivation. — Tobacco Growing, Curing, 

and Manufacturing ; a Handbook for Planters in all parts of the world. 
Edited by C. G. Warnford Lock, F.L.S. IVith illustrations. Crown 
8vo, cloth, 7 J. 6d, 

Tropical Agriculture. — Tropical Agriculture: a 

Treatise on the Culture, Preparation, Commerce and Consumption of the 
principal Products of the Vegetable Kingdom. By P. L. Simmonds, 
F.L.S., F.R.C.I. New edition, revised and enlarged, 8vo, cloth, 21s, 

Turning. — The Practice of Hand Turning in Wood, 

Ivory, Shell, etc,, with Instructions for Turning such Work in Metal as 
may be required in the Practice of Turning in Wood, Ivory, etc. ; also 
an Appendix on Ornamental Turning. (A book for beginners.) By 
Francis Campin. Third edition, with wood engravings, crown 8vo,. 
cloth, 3x. 6d, 

Valve Gears. — Treatise on Valve- Gears, with 

special consideration of the Link-Motions of Locomotive Engines. By 
Dr. GusTAV Zeuner, Professor of Applied Mechanics at the Confede- 
rated Polytechnikum of Zurich. Translated from the Fourth German 
Edition, by Professor J. F. Klein, Lehigh University, Bethlehem, Pa* 
Illustrated, 8vo, cloth, 12s, 6d, 

Varnish. — The practical Polish and Varnish-Maker ; 

a Treatise containing 750 practical Receipts and Formuloe for the Manu- 
facture of Polislies, Lacquers, Varnishes, and Japans of all kinds, for 
workers in Wood and Metal, and directions for using same. By H. C. 
Standagb (Practical Chemist), author of *The Artist's Manual of 
Pigments.* Crown 8vo, cloth, dr. 
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Ventilation. — Health and Comfort in House Build- 
ing; or, Ventilation with Warm Air by Self-acting Suction Power. 
With Review of the Mode of Calculating the Draught in Hot-air Flues, 
and with some Actual Experiments by J. Drysdale, M.D., and J. W. 
Hayward, M.D. With plates and woodcuts. Third edition, with some 
New Sections, and the whole carefully revised, 8vo, cloth, Ts. 6d, 

Warming and Ventilating. — A Practical 

Treatise upon Warming Buildings by Hot Water^ and upon Heat and 
Heating Appliances in general ; with an inquiry respecting Ventilation, 
the cause and action of Draughts in Chimneys and Flues, and the laws 
relating to Combustion. By Charles Hood, F.R.S., F.R.A.S., &c. 
Re-written by Frederick Dye. 8vo, cloth, 15J, 

Watchwork. — Treatise on Watchwork, Past and 

Present, By the Rev. H. L. Nelthropp, M.A., F.S.A. ' With 32 
illustrations^ crown 8vo, cloth, 6j. 6df. 

Contents ; 

Definitions of Words and Terms used in Watchwork— Tools — Time— Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trains, etc.— Of Dial Wheels, or Motion Work^Length of Time of Going without Winding 
up — ^The Verge— The Horizontal — The Duplex^The Lever— The Chronometer— Repeating 
Watches— Keyless Watches—The Pendulum, or Spiral Spring — Compensation — ^Jewelling of 
Pivot Holes^— ClerkenweU — Fallacies of the Trade — Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Waterworks. — The Principles of Waterworks 

Engineering, By J. H. Tudsbery Turner, B.Sc, Hunter Medallist 
of Glasgow University, M. Inst C.E., and A. W. Brightmore, M.Sc, 
Assoc. M. Inst. C.E. With illustrations ^ medium Svo, cloth, 25J. 

Well Sinking. — Well Sinking. The modern prac- 
tice of Sinking and Boring Wells, with geological considerations and 
examples of Wells. By Ernest Spon, Assoc Mem. Inst C.E. 
Second edition, revised and enlarged. Crown 8vo, cloth, lor. td. 

Wiring. — Incandescent Wiring Hand-Book. By 

F. B. Badt, late ist Lieut. Royal Prussian Artillery. With 41 illustra- 
tions and 5 tables, i8mo, cloth, 4f . 6</. 

Wood-working Factories. — On the Arrange- 

tnent^ Care, and Operation of Wood-working Factories and Machinery^ 
forming a complete Operator's Handbook. By J. RICHARD, Mechanical 
Engineer. Second edition, revised, woodcuts, crown 8vo, cloth, 5j, 
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8P0N8' DICTIONARY OF ENGINEERING, 

CIVIL, MECHANICAL, MILITABT, & NAVAL, 


WITH 


Teohnioal Terms in French, German, Italian, and Spanish. 


In 97 numbers, Super-royal 8vo, containing "^lyi printed pages and 7414 
engravings. Any number can be had separate : Nos. i to 95 u. each, 
post free ; Nos. 96, 97, aj., post free. 


Complete List of all the Subjects : 


Abacus 

Adhesion .. 

Agricultural Engines .• 

Air-Chamber 

Air-Pump .. .. •• 

Algebraic Signs •• 

Alloy 

Aluminium .. .. 

Amalgamating Machine . . 

Ambulance 

Anchors .. 

Anemometer 

Angular Motion .. 

Angle-iron . . 

Angle of Friction . . 

Animal Charcoal Machine 

Antimony, 4; Anvil 

Aqueduct, 4 ; Arch 

Archimedean Screw 

Arming Press 

Armour, 5 ; Arsenic 

Artesian Well 

Artillery, 5 and 6 ; Assaying 

Atomic Weights .. 

Auger, 7 ; Axles . . 

Balance, 7 ; Ballast 

Bank Note Machinery .• 

Barn Machinery .. 

Barker's Mill 

Barometer, 8; Barracks .. 


Nos. 

. I 

I 

1 and 2 

2 
2 
2 
2 
2 
2 
2 
2 

2 and 3 

3 and 4 

.. 3 
3 
4 
4 
4 

.. 4 

4 and 5 

.. 5 

.. 5 
.. 6 

6 and 7 

.. 7 
.. 7 

.. 7 

7 and 8 

.. 8 

.. 8 


• t 


Nos. 
Barrage . , . , . . 8 and 9 

Battery 9 and 10 

Bell and Bell-hanging .. ..10 

Belts and Belting . . . . 10 and 1 1 

Bismuth .. .. ., ,. n 


Blast Furnace 
Blowing; Machine 
Body Plan.. 
Boilers 
Bond 

Bone Mill .. 
Boot-making Machinery 
Boring and Blasting 
Brake 

Bread Machine 
Brewing Apparatus 
Brick-making Machines 
Bridges 
Buffer 

Cables . . . ^ 

Cam, 29 ; Canal . . 
Candles 

Cement, 30; Chimney 
Coal Cutting and Washing Ma- 
chinery .. .. .. ..31 

Coast Defence .. .. 3i> 32 

Compasses.. .. .. ..32 

Construction . . • • 32 and 33 

Cooler, 34; Copper .. ..34 

Cork-cutling Machine . . ••34 


11 and 12 

.. 12 

12 and 13 

13. 14, 15 
15 and 16 

.. 16 

.. 16 

16 to 19 

19 and 20 

.. 20 

20 and 21 

.. 21 

21 to 28 

.. 28 

28 and 29 

.. 29 

29 and 30 

30 
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Nos. 

Corrosion .. 

. 34 and 35 

Cotton Machinery 

.. 35 

Damming 

. 35 to 37 

Details of Engines 

. 37, 38 

Displacement 

. .. 38 

Distilling Apparatus 
Diving and Diving Bells 

. 38 and 39 

.. 39 

Docks 

. 39 and 40 

Drainage 

. 40 and 41 

Drawbridge 

.. 41 

Dredging Machine 

.. 41 

Dynamometer 
Electro-Metallurgy 

. 41 to 43 

43»44 

Engines, Varieties 

44.45 

Engines, Agricultural 

I and 2 

Engines, Marine .. 

74. 75 

Engines, Screw .. 

89, 90 

Engines, Stationary 

91, 92 

Escapement 

45. 46 

Fan 

.. 46 

File-cutting Machine 

.. 46 

Fire-arms .. 

46, 47 

Flax Machinery .. 

47. 48 

Float Water-wheels 

.. 48 

F'orging 

.. 48 

Founding and Casting . , 

48 to 50 

Friction, 50 ; Friction, Angle of 3 

Fuel, 50; Furnace 

.' 50, 51 

Fuze, 51 ; Gas .. 

.. 51 

Oearing .. .. . 

51, 52 

Gearing Belt 

10, II 

Geodesy .. 

. 52 and 53 

Glass Machinery . . 

.. 53 

^old» 53» 54 ; Governor . 

.. 54 

Gravity, 54; Grindstone 

.. 54 


Gun-carriage, 54 ; Gun Metal . . 54 

Gunnery . . . . . . 54 to 56 

Gunpowder .. .. ..56 

Gun Machinery .. .. S6, 57 

Hand Tools .. .. 57, 58 

Hanger, 58; Harbour .. ..58 

Haulage, 58, 59; Hinging .. 59 

Hydraulics and Hydraulic Ma- 


chinery 
Ice-making Machine 
India-rubber 
Indicator .. 
Injector 
Iron 

Iron Ship Building 
Irrigation .. 


59 to 63 

.. 63 

.. 63 

63 and 64 

.. 64 

64 to 67 

.. 67 

67 and 68 


Nos. 
Isomorphism, 68 ; Joints .. 68 

Keels and Coal Shipping 68 and 69 
Kiln, 69 ; Knitting Madiine ■ • • 60 
Kyanising .. .. .. .. 6v 

Lamp, Safety .. .. 69, 70 

Lead . . . . . . ». yo 

Lifts, Hoists .. .. 70, 71 

Lights, Buoys, Beacons ..71 and 72 
Limes, Mortars, and Cements . . 72 
Locks and Lock Gates .. 72, 73 
Locomotive .. .. •- 73 

Machine Tools .. .. 73,74 

Manganese .. .. ••74 

Marine Engine .. ••74 and 75 
Materials of Construction 75 and 76 
Measuring and Folding .. ..76 

Mechanical Movements .. 76, 77 
Mercury, 77 ; Metallurgy . . 77 

Meter .. .. .. 77, 78 

Metric System .. .. ..78 

Mills .. .. .. 78, 79 

Molecule, 79 ; Oblique Arch . . 79 
Ores, 79, do ; Ovens . . . . 80 

Over-shot Water-wheel .. 80,81 
Paper Machinery . . .. ..81 

Permanent Way .. .. 81,82 

Piles and File-driving . . 82 and 83 
Pipes .. .. .. 83, 84 

Planimeter .. .. ..84 

Pumps .. .. ..84 and 85 

Quarrying.. .. .. .. 85 

Railway Engineering .. 85 and 86 
Retaining Walls .. .. ..86 

Rivers, 86, 87 ; Riveted Joint . . 87 

Roads 87, 88 

Roofs .. .. .. 88, 89 

Rope-making Machinery . . 89 

Scaffolding .. .. .. .89 

Screw Engines .. .. 89, 90 

Signals, 90; Silver .. 90, 91 

Stationary Engine .. 91. 92 

Stave-making & Cask Machinery 92 
Steel, 92 ; Sugar Mill .. 92, 93 
Surveying and Surveying Instru- 
ments .. .. .. 93. 94 

Telegraphy .. .. 94. 95 

Testing, 95 ; Turbine .. ••95 

Ventilation .. 95, 96, 97 

Waterworks .. .. 96, 97 

Wood-working Machinery 96, 97 
Zinc .. .. .. 96, 97 
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In mpoMoyal tw, zi68 pp^ wM S400 iUuttraHonM* in 3 Divisions, doth, pri« 131; 64<L 

each ; or x vol., doth, aA ; or half-morocco, a/. 8x. 
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Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 


Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
tical details,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 


Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 

WeU Sinking. 
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In demy 4to, handsomely bound in doth, illustrated with 220 full page plates^ 

Price i5j. 


ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 

A OOMFLXTE WORE ON THE DETAILS AND AHRANOEMENT 
OF BXnXiDINa CONSTRUCTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing aso Plates, with numerous Drawings selected from the Architecture 

of Former and Present Times. 

The Details and Designs are Drawn to Scale, J", }", }", and Full sua 

being chiefly used. 


The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — ^Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloiu-ed Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads ; — ^Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools^ 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 


Sftdinen Pages, rcductdjrem the eriginell. 
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Hlik neaHy 1500 illustrations^ in super-royal 8to, in 5 Divisions, doth. 
Divisions I to 4, 13J. 6</. each ; Division 5, l^s. 6d.;QT2 vols^ doth, £s lor* 

SPONS' ENCYCLOPAEDIA 


or THB 


INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOGIC, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— 

Adds, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 ngs. 


Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 ^s. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp* 
Bleaching, 51 pp. 48 ngs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

PP- 57 figs. 
Dnigs, 38 pp. 

Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-doth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 


Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp, 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 hgs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 


Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and En^^ving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, J I pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Suj^ar, ISS pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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JUST PUBLISHED, SECOND EDITION. 
Crown 8vo, cloth, with Ubistrations, %s. 

WORKSHOP RECEIPTS. 

FIRST SERIES. 


Synopsis of Contents, 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 


Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

D3mamite. 

Electro - Metallurgy — 

(Cleaning, Dipping, 

Scratch-brushing, Bat- 
teries, Baths, and 

Deposits of every 

description). 
Enamels. 
Engraving on Wood, 

Copper, Gold, Silver, 

Steel, and Stone. 
Etching and Aqua Tint 
Firework Making — 

(Rockets, Stars, Rains, 

Gerbes, Jets, Tour- 
billons, Candles, Fires, 

Lances,Lights, Wheels, 

Fire-balloons, and 

minor Fireworks). 
Fluxes. 
Foundry Mixtures. 

Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 


Paper. 

Paper Hanging. 

Pointing in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery — (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o'-pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterproofing. 

Welding. 
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Crown 8vo, cloth, 485 pages, with illustrations, $/• 


WORKSHOP RECEIPTS. 


SECOND SERIES. 


Synopsis op Contents. 


Addimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 


Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut. 

Hydrogen peroxide. 
Ink. 
Iodine. 


Iodoform. 

Isinglass. 

Ivory substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 


Pigments, Paint, and Painting : embracing the preparation of 
Pigments^ including alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, caeruleum, Egyptian, 
manganate, Paris, P^ligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Bnmswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying, 
tilling, coats, brushes, surface, water-colours, removing smell, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re-vamishing, 
how to dry paint ; woodwork painting). 
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WORKSHOP RECEIPTS. 


THIRD SERIES, 


Uniform with the First and Second Series. 


Synopsis of CoifTENTS. 


Alloys. 


Iridium. 


Rubidium. 

Aluminium. 


Iron and Steel. 


Ruthenium. 

Antimony. 


Lacquers and Lacquering. 

Selenium. 

Barium. 


Lanthanum. 


saver. 

Beryllium. 


Lead. 


Slag. 

Bismuth. 


Lithium. 


Sodium. 

Cadmium. 


Lubricants. 


Strontium. 

Caesium. 


Magnesium. 


Tantalum. 

Calcium. 


Manganese. 


Terbium. 

Cerium. 


Mercury. 


ThalUum. 

Chromium. 


Mica. 


Thorium. 

Cobalt. 


Molybdenum 


Tin. 

Copper. 


NickeL 


Titanium. 

Didymium. 


Niobium. 


Tungsten. 

Enamels and Glazes. 

Osmium. 


Uranium. 

Erbium. 


Palladium. 


Vanadium. 

Gallium. 


Platinum. 


Yttrium. 

Glass. 


Potassium. 


Zinc. 

Gold. 


Rhodium. 


Zirconium. 

Indium. 




EUctries.- 

—Alarms, I 

Sells, Batteries. 

Carbons, Coils, Dynamos, Micro- 

phones. Measuring, l*h0D 

ographs, Teleph 

ones, &c., 

130 pp., 112 illustrations. 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 

2IK) ninitrationB, with Complete Index, and a C^neral Index to the 

Fonr Series, 6f. 


Waterproofing — rubber goods, cuprammonlum processes, miscellaneous 
preparations. 

Packing and Storing articles of delicate odour or colour, of a deliquescent 
character, liable to ignition, apt to suffer from insects or damp, or easily 
broken. 

Embalming and Preserving anatomical specimens. 

Leather Polishes. 

Cooling Air and Water, producing low temperatures, making ice, cooling 
syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding special 
precautions. 

Filtering — water, and solutions of various kinds. 

Percolating and Macerating. 

Electrotyping. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fia.brication of baskets, matting, etc. 

Musical Instruments — the preservation, tuning, and repair of pianos^ 
harmoniums, musical boxes, etc 

Clock and Watch Mending — adapted for intelligent amateurs. 

Photography — ^recent development in rapid processes, handy apparatus, 

numerous recipes for sensitizing and developing solutions, and appUca- 

tions to modem illustrative purposes. 


J 
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WORKSHOP RECEIPTS. 

FIFTH SERIES. 


Containing many new Articles, as well as additions to Articles included in 

the previous Series, as follows, viz. : — 


Anemometers. 

Barometers, How to make. 

Boat Building. 

Camera Lucida, How to use. 

Cements and Lutes. 

Cooling. 

Copying. 

Corrosion and Protection of Metal 
Surfaces. 

Dendrometer, How to use. 

Desiccating. 

Diamond Cutting and Polishing. Elec- 
trics. New Chemical Batteries, Bells, 
Commutators, Galvanometers, Cost 
of Electric Lighting, Microphones, 
Simple Motors, Phonogram and 
Graphophone, Registering Appa- 
ratus, Regulators, Electric Welding 
and Apparatus, Transformers. 

Evaporating. 

Explosives. 

Filtering. 

Fireproofing, Buildings, Textile Fa- 
brics. 

Fire-extinguishing Compounds and 
Apparatus. 

Glass Manipulating. Drilling, Cut- 
ting, Breaking, Etching, Frosting, 
Powdering, &c. 


Glass Manipulations for Laboratory 

Apparatus. 
Labels. Lacquers. 
Illuminating Agents. 
Inks. Writing, Copying, Invisible, 

Marking, Stamping. 
Magic Lanterns, their management 

and preparation of slides. 
Metal Work. Casting Ornamental 

Metal Work, Copper Welding, 

Enamels for Iron and other Metals, 

Gold Beating, Smiths' Work. 
Modelling and Plaster Casting. 
Netting. 

Packing and Storing. Acids, &c 
Percolation. 
Preserving Books. 
Preserving Food, Plants, &c. 
Pumps and Syphons for various 

liquids. 
Repairing Books. 
Rope Tackle. 
Stereotyping. 
Taps, Various. 
Tobacco Pipe Manufacture. 
Tying and Splicing Ropes. 
Velocipedes, Repairing. 
Walking Sticks. 
Waterproofing, 
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SPONS' • 

MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 

Contents. 

Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation —Hints on House Construction suited to new 
countries. 

E. & F. N. SPON, 126 Strand, London. 

New York : 12 Cortlandt Street. 
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